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ABSTRACT 


The primary objective of this research was to develop a 
climatic classification for a portion of northern Alberta at a scale 
detailed enough to be useful to vegetational management agencies. 
Previous classifications had either not achieved this level of detail, 
or had incorporated subjective biases into their zonations. Secondary 
objectives were (1) to evaluate the technique of thermo dew-point 
recording as applied to the macroclimatic zonation; and (2) to provide 
and analyze the characteristics of climate within the study area. 

The data base consisted of temperature-precipitation records 
from first-order Department of Transport and Co-op stations; and from 
Alberta Forestry Lookout observing sites. Complete data for 1954 to 
1968, for the months May to September, were available for very few 
of the 54 stations; such that, polynomial estimation techniques were 
employed to complete the data sets for each station. Arising from 
this, a climate description of the study area was computed. 

A thermo dew-point recorder was employed in thrice daily 
routes in five separate areas within the study region. It was found 
that the climate. stationswere in many instances not representative of 
the climate in that area, but recorded only localized climatic condi- 
tions. In addition, physical conditions generalized for the study 
area were investigated, such as river valley, lake and topographical 
influences upon the climate. In conclusion, this instrument aided 
considerably in the placing of the macroclimatic boundaries. 

ga SO analysis, coupled with alogarithmic grouping 


methods, the stations in the study area clustered into thirteen 
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distinct climates. Detailed data descriptions of seventy-five 
input variables per station and associated seasonal variabilities 
are noted in the text. The results,therefore,satisfythe objectives 
of the study--namely, the delineation of climatically homogeneous 


areas in northern Alberta. 
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Chapter 1 


Introduction 


The climate of an area fundamentally governs the type and 
growth rates of the vegetative cover. Agencies such as the forest 
land capability sector of the Canada Land Inventory and forest 
Management agencies require basic climatological information as an 
aid in forest land classification and management. In addition, 
research in a number of related disciplines requires climatological 
classification as a frame of reference for conducting research 
and using results for the benefit of management. 

Existing classification techniques and results fail to 
provide adequate information on the desired scale for practical 
use in phytobiological research. The technique outlined in this 
Manuscript attempts to provide a satisfactory solution. This, then, 
is the objective of the study; namely, an attempt to delineate areas 
having similar climatic regimes, based on statistical examination 
of those meteorological parameters normally measured at fixed weather 


stations. Contained within this broad goal are two secondary aims: 


1) To provide and analyze the characteristics of climate within the 
study area, 
2) To investigate the hypothesis that mobile thermo dew-point 


traverses are useful in locating climatic boundaries. 
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Method of Analysis 


The progression of analysis (Fig. 1.1) is essentially composed 
of six steps from the original raw data input to the composition of 
final climatic maps. 

The input parameters are supplied from four observation 
sources — three of these - first order, climatic, and forestry tower 
stations - in the form of pre-punched computer data cards purchased 
from the Department of Transport. The data base consisted of 
approximately 160,000 logical records, with access to approximately 
200,000 additional input variable cards, such that little time was 
thereby involved in data collection for the above three mentioned 
station types. The fourth source of input variables - thermo- 
dew point recording - involved extensive field research within the 
study area, not only to provide additional raw data but to act as 
a testing mechanism on the representativeness of the above mentioned 
station data. More will be said on these topics in later chapters. 

Step two of the analysis consists of data screening of the 
original input variables and data generation for missing days, weeks, 
months or years. ‘Total completeness of each data set per station 
was required for further analysis, thus necessitating the statistical 
estimation, within preset error limits, of input parameters. Search- 
ing, comparing, eliminating faulty data and subsequent generating 
of complete data sets then provide the means for climatic analysis. 

The third phase is the simple calculation of climatological 
long-term means per station for a number of meteorological variables - 


temperature, precipitation, frost, photoperiod, water-balance, 
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PROGRESSION OF ANALYSIS 
Climate Forestry Tower 
Co-op Stations Stations 


Data Screening and 
Generation 


First-Order 
Met.Stations 


1) Polynomial Regression 


Data Calculation of long-term 
means, Frequencies or Intensities of 


1) Temperature 

2) Precipitation 
3) Frost 

4) Photoperiod 

5) Water-balance 
6) Degree-days 

7) Frequency Days 


Statistical Analysis 


1) Factor Analysis 
2) Factor Scores 
3) Alogarithmic Grouping 


Statistical Climate Maps 


1) Unadjusted maps 
2) Smoothing of delineated 
‘areas 


Homogeneous Climatic 
Areas 


Figure 1.1 


Thermo-—Dew- 
Point Records 


degree-days and day frequencies. Each of these accounted for an 
integral part of the 75 input variables to be utilized in the 
statistical analysis. 

This,then,leads into step four in which application of factor 
analysis is employed to yield the associated principal factors per 
station. Using these as input, factor scores per station are 
calculated. These orthonormalized variables, scores, become 
input for the alogarithmic grouping of similar climatic stations. 

Spatial portrayal of the climatically similar stations 
forms part one of the fifth step. By reapplication of the results 
found by thermo-dew-point recording and familiarity with the region, 
part two constitutes smoothing of these areally similar climates. 

The sixth and final phase, once the areas are mapped, is 
able to fulfil the requirements of the objective of the study - 


delineation of homogeneous climatic areas in northern Alberta.} 


1 The study area chosen and respective station locations are found 
on the overlay in the envelope in the back cover of the thesis. 
This overlay becomes quite useful for determining the location of 
stations in association with various maps in future chapters, 
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Chapter 2 


Climatic Classification 


Derived from the early Greeks, the word climate denoted the 

azimuth of the sun in relationship to the earth's surface. After 
600 B.C., temperature increases associated with southerly travel 

were noted by Hippocrates and Aristotle. This human awareness of 
the existence of climatic differences between various regions 
increased as early man explored new lands. An understanding of the 
interrelationship between weather, vegetation and soils which cause 
these spatial vagaries were at that time unknown. Comparison of 
simple qualitative estimates served as the first attempt at climatic 
classification. Descriptions of areas such as Arabia as hot and arid 
or Southern Europe as warm and moist, indicated the extent of early 
climatic perception. 

Additional comparisons are illustrated in the Bible in which 
Egypt is recognized as a hot, dry, unfertile land, whereas Canaan 
is described as "a land of hills and valleys, and drinketh water 
of the rain of heaven". (Deuteronomy, Chap, 11). Abundant Biblical 
passages indicate both the dependence of these early agriculturists 
upon favourable temperature and precipitation regimes as well as 
the dependence of face catrs upon the aspects of the wind-direction, 
frequency and intensity. These descriptive comparisons of regions 
served as viability indicators for early potential crop growth and 
management areas. 


Moreover, some attempt was made, using crude wooden bowls 
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to collect rainfall, to analyze precipitation measurements for the 
purposes of agricultural forecasting. As early as 400 B.C. in 

India, the measurement of rain is recorded "In front of the store- 
house, a bowl (Kunda) with its mouth as wide as an Arantani (18 
inches) shall be set up as a rain gage" [Kautilya, 1915, p. 321]. 
Human heat sensitivity was, at that time, the only method of regional 


temperature differentiation. 


Climatic Classification 


Climatic stations quantitatively defined into spatially 
differing groups was first undertaken by Alexander Von Humboldt, 
usually referred to as the father of modern climatology. Subsequent 
classifiers, Griesbach (1872), De Candolle (1874), Sargent (1884), 
Drude (1890), and Merrian (1894) each postulated climat- 
ic grouping techniques. Although preliminary in view of modern 
techniques and data sources, each was perfectly accurate and mean- 


ingful at the time of presentation. 


Koeppen 


Refinement and representation of De Candolle's original five 
climatic-vegetational units by Koéppen, in 1918, opened the way for 
a host of classifiers and associated classification methods. 

Based upon the interaction of temperature and precipitation 
amounts, Koeppen attempted to define vegetational similarities and 
differences on the. basis of climatic variation. Boundaries are 
set for both temperature and precipitation means such that categoriza- 


tion of the stations is denoted by a series of three or more 
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alphabetic characters. The first two of these combine to indicate 


broad climatic types as shown in the following Table 2.1. 


Table 2.1 
Main zones Symbols Subdivisions 
A Tropical rainy climates Af Tropical rain-forest 
Aw Savanna 
B Dry climates BS Steppe 
BW Desert 
C Temperate rainy climates Cw Warm, with dry 
winter 
Cf Warm, moist all 
seasons 
Cs Warm, with dry 
summer 
D Cold snow-forest climates Df Snow-forest, moist 
in all seasons 
Dw Snow-forest, dry 
winter 
E Polar(snow) climates ET Tundra 
EF Perpetual snow and 
ice 


Based upon Koeppen's original classification, Alberta is 
composed of three types -- Dfc, Dfb or BSk. With direct application 
to the study area, Longley (1968) using the years 1931-1960, presented 
the patterns as shown in Figure 2.1. Only two climatic types are 
apparent - Dfc and Dfb. The letter D denotes one or more months 


at 50°F or over and one or more months under 26.6°F. Associated 
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with this broad grouping are the possibilities of "f£", "w" or "s". 


The letter "f" indicates adequate moisture throughout the year where- 


as the two remaining letters agree with the following criteria: 


w - winter drought, summer rain. Rain of the rainiest 
month of summer at least ten times the amount of the 


rain of the driest month in winter. 


s - summer drought, winter rain. Rain of the rainiest 
month in winter at least three times that of the 


driest month in summer. 


The remaining set of letters, which complete the climatic definition 


terms, are defined according to the following temperature criteria: 


a - warmest month above 71.6°F 

b - four months or more above 50°F 
¢ - one to three months above 50°F 
d - coldest month below -36.4°F 


Modifications to the above set of limits have ensued in an 
attempt to make the Koeppen model more representative in different 
geographical locations. With direct application to the Western 
Provinces of Canada, G. A. Rheumer in 1953 postulated three 
modifications to the original classification: namely, one, the 
redefinition of the year from the calendar year of Koeppen to the 
seasonal year ending in September, the reason being that winter is 
the dominant season in Canada; secondly, alteration of the boundary 
limit between the C and D climates to 32°F rather than Koeppen's 


original 26.6°F; and finally, instead of simply averaging a given 
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variable within a pre-set time period, the incorporation by Rheumer 
of the concept of the frequency of occurrence of that variable. 
Spatial mapping of the like-climates resulted in the 
existence of seven climatic regimes, as shown in Figure 2.2, for the 
study area. Again, as with Koeppen, the arrangement of the letters 
denotes the importance of the varying facets of the climate. In all 
cases, the area is found within the Cold snow-forest climates 
with the major portion of the area associated with dry winter 
conditions (Dwf ..). 
For example, the climatic type Dwfcb is characterized 
by a relatively dry to wet winter season and relatively cool to warm 
summers. However, broad regionalization of station data can lead to 
misleading results if the input parameters are not carefully chosen. 
For instance, the station Swan Dive (elev. 4174 feet) apparently 
has the same climate - Dwfbec - as the station Grande Prairie 
(elev. 2190 feet). Grande Prairie typifies the northern portion 
of agricultural land in Alberta whereas Swan Dive is characteristic 
of the non-arable forested land. These large differences in both 
land use and altitude at each station make the user skeptical that 
one climate een: both regions. This is, however, not the fault 
of the classification system but, rather of the availability in 1953 
of stations with long oe available for use in classification. 
In addition to Rheumer, Thomas (per. com.) altered the 
definition of the letters "f" and "w" such that if "less than 30 
per cent of the annual precipitation fell during the months October 
to March, the station was then represented by 'w'" (Longley, 1970). 


The letter "f" still defined uniform precipitation throughout the 
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year. The resulting pattern, as shown in Figure 2.3, alters the 
previous climatic regions indicating that the southeast portion of 
the study area would experience winter drought conditions (Dw). 
The remaining portion with the exception of Wabasca, is classified 
as Df, using Koeppen notation. The redefinition of "w" on the 
basis of seasonal dryness or wetness, as opposed to simply Koeppen's 
ten times the driest month, provides a better indicator of precipita- 
tion amounts and variability. For all stations within the study area, 
ample moisture is available for the growing season - 
April to September. 

As with most models, it is much easier to criticize than 
to suggest useful alternatives. The Koeppen classification technique 
has failed to satisfy many investigators - 'The thermal criteria are 
unrelated to one another; criteria for dividing moist climates are 
rather diverse and most arbitrary; criteria for identification of the 
dry climates are far simpler than the task demands" (Carter and Mather, 
1966, p. 316). In fact, it appears to many users of the model that 
attempts were made by Koeppen to fit the climatic classification 
to the observed vegetation units. But whatever inabilities within the 
model exist, it ae been used throughout the world. Longley suggests 
that the simplicity of Koeppen's criteria is the major reason for its 


popularity (Longley, per com). 


Thornthwaite 


Utilizing the same data sources and yet diametrically opposed 
inthe approach to classification are the Koeppen and Thornthwaite 


methods. Unlike Koeppen, Thornthwaite placed the major emphasis 
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FIGURE 2.3 
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upon precipitation and moisture estimates rather than thermal 
variations. Improvements in the Thornthwaite model, as noted by 

his colleagues, Carter and Mather, follow the guidelines that 

" 1) he based the formulation of a moisture index on available 
evaporation records; 2) he used a simple moisture index to separate 
subtypes at regular numerical intervals of the index; and 3) 

he sought to construct climatic regions from regular intervals of 
his indices rather than from vegetation or soils criteria as 

Koeppen had done" (Carter and Mather, 1966, p. 317). Accomplish- 
ment of the above procedures involved the formulation of two indices 
called the precipitation effectiveness (P-E) ratio and the thermal 
efficiency (T-E) ratio. Subsequent comparisons of the indices with 
vegetational characteristics determined the class limits for each 
index. The one major failure of the system appears in the avail- 
ability of adequate evaporation measurements necessary for the de- 
nominator of the P-E index calculations. Extrapolation of the exist- 
ing evaporation values results in erroneous data, not present when 
actual reportings are employed. As a result, the patterns delineated 
by Thornthwaite, more accurate where adequate observations of needed 
data are possible, do not correspond to the patterns as outlined 

by Koeppen. Detailed criticisms of each method, by colleagues of 
Koeppen and Thornthwaite are quite prevalent in recent literature 
and research reviews. Criticism of Koeppen by Carter and Mather 

is illustrated: "although Koeppen's clasification continues to 
prosper in popular usage, its use lacks the support of a rational 
basis as a classification of climate or as an adequate development 


of the principles of classification which it introduced" (Carter 
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and Mather, 1966, p. 325). 


Holderidge 


Holderidge first postulated the model of climatically similar 
regions in 1947 but only in piidestatweicate publications. Not until 
1959 did articles appear in English, postulating a pyramidal model 
relating biotemperature, precipitation and potential evapotranspiration. 
Mean annual biotemperature is simply the mean of the positive daily 
temperatures in degrees Centigrade, divided by the number of days 
in the year. Multiplication of biotemperature by the empirical 
constant 58.93 yields Reece Hen variable - potential evapotranspira- 
tion (PE). Consequently, since PE varies directly as the bio- 
temperature, the model essentially becomes a comparative analysis of 
precipitation and temperature variations at each station. Similar 
to the Thornthwaite approach, in attempting to delimit vegetational 
areas primarily on the basis of moisture availability, the Holderidge 
model received widest application in its area of formulation - the 
Tropics. Extrapolation outside the area of its development leads 
to misinterpretations in classification, a general criticism of 


most techniques. 


Fairbairn 


Climatic discrimination, as devised by W. A. Fairbairn 
(Forestry, 1967) was applied to the British Isles in 1967. The 
resulting phyto-biological zonations, as outlined in Forestry, 
combine three factors. Overlaying maps of the length of the 


growing season with average monthly temperatures reduced to sea 
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level with the map of rainfall amounts, Fairbairn arrived at 
thirty-two climatic subzones. Initially, a priori grouping of the 
input variables into pre-determined class limits simplified the 
task of amalgamating the three variable maps. Associated with each 
climatic region is a variety of meteorological parameters - mean 
range of temperature, mean minimum temperature, days of frost, sun- 
shine, cloud, humidity and exposure. 

This was the first major attempt to incorporate large 
numbers of input variables with subjective classification of each 


variable into groups before final clustering and interpretation. 


Chapman and Brown 


The aims and scope of this project, as noted by Chapman and 
Brown, are described as "A classification of Canadian lands ... 
for the purposes of the Agricultural and Rural Development Act. 
This account of climate of the settled parts of Canada is intended 
to aid in the land classification and it stresses field-crop 
relationships" (Chapman and Brown, 1966, p. 1). 


In order to accomplish the above objective, overlaying of 
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seven temperature zones with nine possible moisture classes created 


a possibility of sixty-three climatic types. The combination of 
these zones is (lus teaeed in the climatic map for agriculture in 
Figure 2.4. The temperature zones 5, 6, and 7 are defined by 
Chapman and Brown as 

5. 2,200 to 2,600 d.d. and 90 + £.f days 

6. 1,800 to 2,200 d.d. and 75 to 90 f.f. days 


7. less than 1,800 d.d. and less than 75 £.f. days 
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where d.d. is defined as degree-days above 42°F and f.f. are the 
frost-free days. Likewise, the respective moisture classes for the 


study area are illustrated in Table 2.2. 


Table 2.2 
Claas Water deficiency May-Sept precipitation 
(inches) (inches) 
Over 2600 d.d. Under 2600 d.d. 
F 7-5 10-12 9-11 
G 5-3 12-15 10-13 
H 3-1 13-15 12-15 
K 1-0 15-16 14-18 
L 0 = 16-20 
d.d. - Degree-days above 42°F 


Source: Chapman and Brown, 1966, p. l. 


Reference to the climatic map, Figure 2.4, indicates the 
existence of eight climatic regions. The forested portions of the 
study area are described by the climate 7H-K whereas the agricultural 
areas are subdivided into six climates. The mountain area is denoted 
by the climatic type 5-6L. In conclusion, the forested areas 
occupy the wetter cooler portions whereas the agricultural land is 
generally hotter and drier. Of particular note is the increased 
availability of moisture in response to eastward motion parallel with 
Lesser Slave Lake. The change from G to H with the same temperature 


class (6), indicates at least 2 inches more precipitation in the 


= 
| ‘ ‘4 
; i if 
: vp Loqeteb ad 
r . : 
id . a 
ar. 
Ko i j 4 " a4 
A, 
: | ever 
- r 
f 
+ 
~ 
~~ 
_ 
‘ 
*. 
v 
i 3 , 
t 
5 = 
, 
“1 O°] S74 
~ 
! List riiais tr 


, > adi supes 43s. 00 
2% m 3 Le © Ve +) ‘DLV enti 
_ - 
; sat » theron we] . 152 96 “ey a st ied 
; # = ie 
ei: bent oe ) ' . nr ri) vlan) exe Loree SS a waasie aff yasoe 


Lowtsxect sil}, ah wien" taliotryag I -talaly: ie 4 


3% satleqns and a 


7 — 
a 
4 


, ae Sa +a a 


vy 


19 


Wagner-Slave Lake regions. 


Newnham 


Newnham (1968) as outlined in the publication Forest 
Science, objectively analyzed monthly temperature and precipitation 
averages. The previous methods described - Koéppen, Thornthwaite, 
Fairbairn - can be defined as representative of analog procedures - 
qualitative assessment of correlations and classification. 

But because the data input is in the form of numerical values, 
it would seem only reasonable that the objective grouping techniques 
would eliminate the subjectively-defined anomalies and errors. 
Minimization of errors in classification by objectively weighting 
the input variables is therefore the main advantage of statistical 
as compared to subjective techniques. 

Presenting a list of 19 variables - latitude, elevation, 
seasonal temperature extremes and frost — Newnham applies principal- 
component analysis to select only the statistically "most important" 
variables and to group these stations into climatic regimes. Applied. 
to 70 stations in British Columbia, the station groupings compared 
quite well with the results obtained by the Chapman (after Koeppen) 
maps in 1952. Koeppen-defined stations were utilized as the base for 
comparison as presented at the British Columbia Natural Resource 
Conference (1952) by J. D. Chapman. Reclustering of some stations, 
wrongly classified by Chapman, becomes evident via the statistical 
mapping format. The subsequent correlations of the grouped stations 
with the vegetational patterns of British Columbia proved extremely 


accurate. 
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Consequently, principal-component analysis or simply 
statistical analysis is able to reduce large amounts of input data 
to meaningful and manageable variables as well as to provide a 
basis for objective classification of these climatically important 


variables. 


Bowser 


Practically orientated, Bowser sets out to provide an agro- 
climatic map which "delineates areas that have, on the long-term 
average, similar characteristics for cropping purposes" (Bowser, 
1967). Correctly speaking, favourable areas of climate related to 
crop potential are delineated as shown in Figure 2.5. The numerals, 
ranging from 1 (best) to 5 (poorest) indicate the capability of that 
region for agriculture. Subsequent notations of heat (H) and aridity 
(A) outline the limiting growth factors. Broad generalization of 
areas with no associated numerical values limits the use of this 
approach for the agriculturist, forester or soil scientist. Various 
crop and forest species grow in response to different temperature 
and precipitation values. The classifying of Entrance, Kakwa and 
Edson stations tata similar climate to the Conklin and Heart Lake 
stations without adequate numerical notations is of little Baltic to 


the phyto-biologist. 


Regionalization of Climate 


Associated with any grouping or clustering of point data into 
homogeneous regions is the problem of scale. The question then 


arises - are the regions delineated of the desired scale to fulfil 
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the objectives of the project? To be of practical use to the phyto- 
biologist, analysis of the region must be of a finer scale 

than the Koeppen, Thornthwaite, Holderidge and Rheumer models. 
The patterns postulated by Bowser, if substantial definition and 
reclassification of the delineated areas were presented,appear to have 
the required detail at the macroclimatological level. Likewise, 
for the purposes of agriculture the Chapman and Brown delineated 
areas seemingly provide adequate detail. But better definitions 
of the forested areas are required by forest management agencies - 
the classification of the forested portion of the study area as one 
climatic type does not appear to be sufficient. It is hoped that 
the statistical climatic regions, outlined later in the thesis, 
will be of thedesiredscale, thereby providing a useful base for 


vegetational and soil research. 
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Chapter 3 


Study Area Characteristics 


Criteria for Selection of Study Area 


Definition of the study area for this project was required 


to satisfy the following criteria: 


1) That the climatic stations and the extent of the area chosen be 
of workable proportions such that the final processing and 
analysis of the data is not a complex and time-consuming task. 

2) That the study area chosen be such that vehicular access can 
readily be obtained in order to ensure successful use of one of 
the basic data sources, namely mobile thermo —- dew point recording. 

3) That the area chosen must provide ample representation of a forest 
environment, because one of the specific applications of the 
project is a selection of forest site and management areas chosen 
with similar climatological regimes. 

4) That the area exhibit vegetational and topographical variations 
to supply climatic variability, thereby ensuring more than one 


climatic zone. 


In order to satisfy the above criteria, a band across the 
province from 53° 10’ to 56° 10'N was selected (Fig. 3.1). The Rocky 
Mountain Forest Region located south of the study area was excluded 
on the basis of incomplete and non-representativeness of the meteorolog- 
ical reporting stations. Moreover, the lack of required data and the 
extreme variability among the mountain reporting stations resulted in 


its exclusion. The region north of latitude 56° 10'N was eliminated 
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mainly because of the lack of an adequate density of roads for mobile 
examination of temperature variations. 

The remaining area of the province, the study area, exhibited 
all the needed characteristics: a relatively dense network of report- 
ing stations of manageable proportions; accessibility for mobile 
recording; adequate portrayal of forest environments; and finally, 


abundant topographical, vegetational and soil variations. 


Climatic Stations 


Department of Transport Meteorological stations, Climate 
stations and Alberta Forestry stations combine to provide a dense 
network of observing sites. Of the 131 reporting, 54 stations were 
chosen, providing as close to 15 years of records as possible. Of 
these selected stations (Table 3.1), only eight stations - Fairview, 
Grande Prairie, Wagner, Whitecourt, Edson, Lac la Biche, Cold Lake, 
and Vermilion - are operated by the Department of Transport Meteorolog- 
ical Branch. Each of these stations reports occurrence of precipitation, 
temperature extremes, synoptic conditions and hourly winds. Synoptic 
reportings per hour, with the exception of Fairview, consist of 
cloud, wind direction and speed, visibility, present and past weather, 
sea-level pressure, air temperature, dew point, pressure and pressure 
tendency, precipitation and snow amounts, depth of snow, and maximum 
and minimum temperature. The remaining stations within the area of 
study normally report only precipitation and temperature extremes. 
Consequently, the input variables for later statistical analysis are 


geographic location and temperature, precipitation and derived 
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functions of these. 


Vegetation 


Broadregions or areas of non-forested land (Fig. 3.2) where 
more than 50% of the land is cultivated are found around such stations 
as Campsie, Edmonton, Thorsby, Calmar, Fort Saskatchewan. A lesser 
degree of cultivation (less than 50% cultivated) is dominant in 
numerous small "patches" in the region surrounding Grande Prairie. An 
additional area including Cold Lake, Iron River, Lac la 
Biche and Athabasca completes the extent of cultivation within the 
study area. The area remaining is characterized by forested regimes. 

Aspen Poplar Parkland is found in conjunction with the areas 
where cultivation is less than 50 per cent. [Im general, the forested 
areas can be considered as containing primarily Aspen Poplar forest 
growth denoted by A in Figure 3.2. Found in the immediate vicinity 
of the Rocky Mountains are Lodgepole Pine, White Spruce and Engelmann 
Spruce. Between this latter mentioned species and the Aspen Poplar 
forest regions are two bands composed of Lodgepole Pine-White Spruce 
and Aspen ecotone to Spruce. 

There is a progression from Aspen in the 
southeast to Aspen Poplar to Aspen Ecotone to Spruce to Lodgepole Pine- 
White Spruce to the combination of Pine and Spruce in the Mountains 
within the study area. Figure 3.2 gives the actual vegetational type 


for each station, as provided by the Atlas of Alberta. 
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Topography 


Topographically, extreme variation is found within the study 
area, ranging from 1000 to 8000 feet (Fig. 3.3). 

Considering only the spot elevations of 411 reporting station, 
the mean elevation was found to be 2618 feet above sea level with a 
standard deviation of 819 feet. Of the stations selected for study, 
Yellowhead Lookout indicates the highest at 4800 feet and Athabasca 
the lowest at 1700 feet above sea level. 

These spot elevations, however, do not characterize the general 
topographic variability within the region. Progressing from the south- 
west corner of the study area to the northeast, elevation changes 
from approximately 8000 feet to approximately 1000 feet above sea 
level. This is in general a decrease in elevation with the exception 
of two large geomorphic anomalies. Rising out of a surrounding 
plain lying between 2000 and 3000 feet above sea level, Swan Hills 
reaches a height of 4000 feet. These Hills are represented by such 
stations as House, Goose, Deer, Pimple Mountain and Swan Dive. 
Substantial elevational increases of more than 2500 feet are 
noted between such stations as Swan Dive (4174 ft) and Athabasca 
(1700 ft). The second high area lies east of the Athabasca River 
and includes the stations Round Hill and Heart Lake. A longitudinal 
depression of 1000 - 2000 feet below the surrounding plain stretches 
from Rycroft on the west to encompass Slave Lake on the east. Other- 
wise with the exception of point height increases, e.g. Marten 
Mountain, the area has a general slope to the northeast. 


Trend surface analysis interpolates objectively between 
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discontinuous (point) observations such that possible responses in 
areas not recorded can be estimated. Utilizing all the station heights 
and locations in the study area as input, a general cubic trend is 
applied through the use of multi-polynomial regression equations. 
Again, a predominant northeast slope from the southwest of the study 


area is indicated. 


Soils 


For the most part, the soils of the study area (Fig. 3.4) are 
classified as grey-wooded, supporting mixed farming specializing 
in hays and coarse grains. Within this soil grouping is found the 
majority of forested land classified as Aspen, Poplar or Pine. 

To the north in the area surrounding Grande Prairie, the dark 
grey and dark grey wooded soils predominate. Associated with these 
areas are dominantly-solenetzic soil deposits. Solenetzic is the 
accumulation of clay-pan soils usually requiring fertilization and crop 
rotation are required. Again as in the grey-wooded, mixed farming 
dominates the agricultural land use. A similar area is found in 
association with stations such as Campsie, Sion, Newbrook, Ranfurly, 
and Elk Point. 

Found in the areas bounding the grey-wooded soil group, 
the black zone is located in the southeastern section of the study 
area. Described as arable land, this soil is found in association 
with Aspen-Poplar Parkland, uniform topography and more than 50% 
cultivated. Again an apparent accumulation of solenetzic soils is 
associated with this soil. 


The region in close proximity to the Rocky Mountain has as yet 
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to be classified. 

Of particular note is the area to the northeast, e.g. Conklin, 
where some commercial exploitation of the organic deposits, peat, 
within the soil occurs. 

With the exception of the black zone and dark grey to dark 


grey-wocded regions, the land is generally of a non-arable quality. 
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Chapter 4 


Primary Data Input 


In order to develop meaningful climatic regimes, long-term 
normals for the selected stations are needed. Because of the lack of 
these published normals for forestry tower sites, pre-punched computer 
card and subsequent analysis were able to supply the required averages 
for the years 1954-1968, inclusive. The primary data source consist- 
ing of point station observations in the form of number four daily 
climatological cards was purchased and supplied by the Federal 
Forest Service. Because the supplied data were discontinuous with 
regard to days, months and years, it was necessary to employ statisti- 
cal estimation techniques to create complete reports for each day 
of the period May lst to September 30th, between 1954 and 1968 
inclusive. 

This following chapter then, describes the data available 
on the number four daily climatological cards, the processing of 
these data, and the data generation methods used to complete the 


data base. 


Number Four Daily Climatological Computer Cards 


Pre-punched computer cards are able to supply the variety 
of climatic variables observed at meteorological stations across 
Canada. Figure 4.1 serves as a sample of the supplied cards, provid- 
ing the complete setts observations at first-order meteorological 


stations, not typical of the majority of reporting stations in the 
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area of study. Figure 4.2 provides the comparative representative 
card data for the climate and forestry tower stations. 
Functionally, for the majority of stations, the number four 
cards can be expected to report only daily maximum, minimum and 
mean temperatures, precipitation totals and growing-degree days. 
First-order meteorological stations reporting synoptic 
conditions also supply six-hourly precipitation totals, relative 
humidity, and wind direction and velocity. Owing to the scarcity 
of these stations within the study area (8 out of 54), reduction 
of these data to temperature-precipitation reports was necessary 
to ensure complete sets of comparative values for all stations. 
Primarily under consideration are forest environments. 
Consequently, the special problems in acquisition of data for forestry 
stations arise. Temperature extremes, precipitation, wind velocity 
and direction, and relative humidity are observed twice daily. How- 
ever, when the reports are coded for the computer cards, the 
respective columns for wind and humidity are vacant. This would 
seem reasonable, since only two observations per day are taken and 
thereby fail to define accurately 24-hour mean values. Temperature 
and precipitation eoraia with the occasional inclusion of growing- 
degree days and mean temperatures are therefore characteristics of 
tower observations. 


Processing of Data 


Unique problems in machine processing of the computer cards 


were encountered. 


Combinations of alphanumeric (L and C) and numeric characters 
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forced total conversion of the original data bank to a data set composed 
entirely of numeric values. The letter L refers to precipitation 
totals on the day in question such that if rain did fall it was accumu- 
lated on the next day's total. In the process of conversion the L 

was simply eliminated. On the other hand, the letter C indicates 

that rain did fall on that day but the next day's total includes the 
amount. Written into the analysis programs was the equal division of 
this total rainfall for both or all days under consideration. The 
letter T indicating Trace amounts of rainfall of less than .01 inches 
was again eliminated in data-set transfers. As the final stage, the 
160,000 data-set card file was checked and rechecked to ensure validity 
in conversion. 

In addition, numerous unexpected punching errors in the 
supplied cards terminated execution of the normal conversion routine, 
thus necessitating special programs to be written and incorporated 
into the mainline conversion program. This apparent lack of Quality 
Control of pre-punched data demands special processing to ensure 
compatability of the variables with the data storage system, 

Errors in monthly mean values when compared to monthly values 
in the Monthly Record become obvious. Maximum and minimum tempera- 
ture values are rounded off and represented as integers on the computer 
cards. Subsequent mean daily temperatures are represented in integer 
form in the conversion programs but were carried to one decimal place 
for the calculations of monthly mean daily temperatures. 

Monthly Bocoxd (Department of Transport, Meteorological 
Branch), on the other hand, calculatesthe monthly means from the 


average of the monthly maximum and minimum temperatures. Consequently, 
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the resulting differences in the computed means of the order of 
less thean +0.3°F were not of a significant magnitude to invalidate 
the calculations of results. Illustration of the Monthly Record 
mean temperatures as compared with the calculated mean temperatures 


for Fairview 1966 appears in Table 4.1. 
Table 4.1 


Fairview 1966 


MONTH MONTHLY RECORD CALCULATED RESIDUALS 
MONTHLY MEAN TEMP. MONTHLY MEAN TEMP, 
April 30.9°F 30.7°F -0.2°F 
May 41a Sia 2 -0.2 
June 54.5 54.2 -0.3 
July "59.0 ted -0.3 
August a Ae oF ge | -0.2 
September 52.9 32.6 -0.3 
October RA 36.7 ~0.3 


Data Generation 


The need for new and complete data sets arises with the in- 
clusion of Alberta Forestry tower observations. These stations 
often do not open until approximately the first of May and often 
close just after the end of September. The period of operation is 
dependent upon the fire conditions of the year. Therefore only 


five months of possible data reporting can be assumed. Thusly, 
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the associated stations - first-order and climate - must also conform 
to this time period - May to September. High frequencies of the 
occurrence of missing data within this 5-month period are also to be 
expected. Isolation coupled with breakage of instruments at the towers 
often results in complete months without reports. 

Most tower stations received minimum, maximum and wet-bulb 
thermometers in 1962. At the commencement of the project analysis 
in January, it was outlined that only actual observations per five- 
month year would be utilized in the climatic grouping procedure. 
However, if this trend of analysis were followed, approximately 15 
of the selected 54 stations would be useful. Therefore, the applica- 
tion of polynomial regression estimation techniques was able not only 
to complete these non-continuous data sets but also to generate addi- 
tional information such that each of the stations has an associated 


five-month data base extending from 1954 to 1968. 


Polynomial Regression Analysis 


Least squares approximations tohigher orders are referred 
to as polynomials of the first, second, third, to the nth degree. 
The objective of this phase is the generation of maximum and minimum 
temperatures for days with data missing within the prescribed time 
period. 

In all cases, for all combinations of stations, third degree 
estimation of temperature extremes was found to be statistically 
sufficient. Simple wee regression is unable to provide adequate 
accuracy for prediction purposes. 


Figure 4.3 illustrates a plot of the observed values at 


. — 
: a * j / , ' . ; aut _ F r? ie 7 ie’ erased. _— 
: | ee 
a ie. Dies ; 4nom-? a aD h onievim 92n9F1UD90. 


Hi t i 7 a . " 
r i tea BLOeT . het 39q%8 © 
. 


Paras . 
mit . Lgmoo 6 etives? aogte 


2 cry 
a) 
‘ 
_¥ 4 4 
4 
_ 
ft ) sega 
ra 1 RUS 
+ Nj Au! 
tT ‘ _ 
i »} 4 5 
L «Ht 
— 
} a 
: - ‘ iJ 
_ f 2 
ne 

sin 

. ; yi 
. 7 
, 
i 
o ¢ - 
Pp at 3 ir 


fs 64 .h4 | mut? ala to-alnt ere : 


io 4 oY at. S06 ie ; Lets 10 - evil ioe ide * : 
Tee eae ] utrh win “ee ph +03 uot th 
: é 
4 : 7 PF; 5 — A 
wovaol toaidd ,ettolasa2 jo enodiontdmo, Lin 307 errs fie at 4 
: } > cea 


7 ch of oF. bats? esv esanasiaes os twdeteqn mo * mo Pesan 
, ie a 7 
po Et eit Ienolevang a7 tanith rang? oy arto 
_ Yor 
—" 7? 4 , 


7 
roy hits { tL a5 tat A) 
ie | ae =a 4 


43 


Grande Prairie minus the associated polynomial predicted values for 
Fairview. This difference in comparison to the temperature values 
illustrates the non-linear curves for maximum and minimum temperatures. 
For the purposes of predicting Fairview, Grande Prairie was the 
independent variable with Fairview being the dependent variable in 


the dependent data set. 


T, 
DIFF.: OBS.(GR. PR.) — PRED.(FAIR.) 
-3 
Figure 4.3 
Polynomial Regression - Difference Between Grande Prairie 


and Fairview for the Months April to October for Observed’ 
and Predicted Minimum and Maximum Temperatures 


The differences found in the maximum temperature curve are 
approximately linear for the interval 30 to 60°F. The data base used 
to generate each of these curves consisted primarily of values ranging 
from 30 to 60°F in the maximum temperatures and 10 to 40°F in the 
minimum temperatures. The curvilinear effects at the ends of each 


line arise because of a lack of frequency of occurrence of those 


. 
Bari 


ait see 


ay 


OK i Dg 


leks 


Se a 
Beit aif al 
7 


30 VIT aan 


7 4 
- 58) 4 ROL vem fi in cua : 
a7 a i 


my 


= 
f 
. 
1 HY 
' + 3 7) 
Liq bs 
2 - 


‘ oe 
“* - 
rs a s é 
wd wit etre 
Tg lo )h- eked P 
1 iff or 55 


q © e9g0q7eq offd, 


be ly sidwivav dasbosgebry 


joe nteb sgeboeqsh ofS 
’ 


. ‘ 
: 
° 
} 
i) 
f | « 
4 i 
/ . 
. j : i] 
* 
aa 
: < 
c- 
4 
Z ; a 
f \ ) at 
_- cotaenre aL En hnony Le 
iad eden wily xa wolvviet tae = 
rib ohotat@ebsigibast igs  - 
in os i er, cool 
os 7 
1 o) bigea gene corse CT 
Pu. 
faviniok ord oS esa eloanaixg ae 
: ee AS 
de iu a 7 


wie 
aod i?) ae we 0 


it ig 


oe met LL th ida 08 oy OF 2 


44 


temperatures. The above curves are derived from the prediction 
equations for the months April to October only. 

Relationships between the observed and predicted values of 
maximum temperature for Fairview, with Grande Prairie as the base 
station, are shown in Figure 4.4. B denotes the concurrence of two 
values - predicted and/or observed - plotted at the same coordinate 
O denotes the plotting of the observed values and P the predicted 
values. This close correlation of observed and predicted values 
is also quite characteristic in the prediction of minimum temperatures. 

In order to explain and test the usefulness of the technique 
better, an rete’ cay "hole" was created in the data set for Fairview. 
The independent variable within the dependent data set was Grande 
Prairie. The dependent data set consisted of 500 daily observations 
from both Grande Prairie and Fairview for the months April to October. 
The resulting prediction equations for both maximum and minimum 
temperatures were found. 


Generally, the equation is represented in the form: 


where Y is the dependent variable (Fairview daily max. temperature), 
a is the Y-intercept, By (i = 1, .. k) are the regression coefficients, 
x is the independent variable (Grande Prairie daily max. temperature), 
and e is the standard error of the regression coefficient. 

The resulting predicted values for the year 1967 for Fairview 
in comparison with the values presented in Monthly Record are shown 


in Table 4.2. 
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Table 4.2 


Observed vs Predicted Values for Fairview, 1967 


ile repeater adler Ma TE 
April 8 ie 32.4 +0.6 
May 49.0 49.5 +0.5 
June 56.8 3730 +0.8 
July 61.7 61.4 -0.3 
August 64.2 63.9 -0.3 
September 56.2 56.8 +0.6 
October Sed 40.4 si! Pe 


Considering initial discrepancies of +0.3°F, the residual 
value of +0.9 appears to be sufficiently accurate for the purposes 
of macroclimatic research. 

Applying this estimation technique to the complete study area, 
six base stations, each having complete 15-year daily-data sets, 
were chosen. Comparison, via polynomial regression of the remaining 
stations to Grande Prairie, Edson, Meanook, Ranfurly, High Prairie 
or Whitecourt, provided two polynomial prediction equations per pair 
of comparisons. Reapplication of these equations to the base stations 
thereby generated the required new data to complete the previously 
incomplete data sets. 

A null Senakhen th to test the predicted minus the observed 


values was established such that there is no significant difference 
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at the 99.9 per cent significance level. By applying analysis of 
variance tests to each pair of prediction stations, only one station 
failed to satisfy these criteria. Carrot Creek versus the base station 
Edson proved significant only at the 95 per cent level. The resulting 
residuals between observed and predicted temperature values of the 
order of +12°F eliminated it from further analysis. The number of 

data base stations now is equal to 53. 

Attempts at precipitation estimation proved unreliable and 
distinctly faulty. Comparison on a daily basis of both rain, no-rain 
reports did not work. Owing to the discontinuous nature of precipita- 
tion occurrence, the regression coefficients were wrongly weighted 
due to the higher frequency of no-rain days as opposed to the fre- 
quency of rain days. However, since the stations have been reporting 
precipitation for 12 years or more, resulting averages were taken to 
be representative of the study period 1954-1968. 

Investigations into the generation of equations for the 
prediction of relative humidity as a function of maximum and minimum 
temperatures also did not work. In theory, moisture estimation is 
dependent more upon the type of air mass, cloud cover, precipitation 
occurrence, and vegetation types than simply temperature. 

However, the Agrometeorology Branch of the Department of Agri- 
culture postulated the prediction of mean daily dew-point at a number 


of agricultural stations across Canada. The equation is presented as: 


Ty = —-12.58 + 0.52 MIN + 0.92 MAX -— .005 MAX? 


where Ty is the mean daily dew point temperature (°F), MIN is the 


minimum temperature (°F) and MAX is the maximum temperature (2). 
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Following the same method of analysis for moisture estimation, 
polynomial prediction equations were calculated for relative humidity 
as a function of temperature. Figure 4.5 illustrates the scatter- 
graph illustrating the observed and predicted values for Grande 
Prairie. The x-axis represents daily minimum temperature and the 
y-axis represents daily maximum relative humidity. The level of 
significance, again determined by applying analysis of variance 
tests, was found for fourth degree polynomial estimation to be less 
than 85 per cent. 

In conclusion, the technique of temperature extreme estima- 
tion proved statistically sound, enabling formulation of complete 


data records of temperature per station. 
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Chapter 5 
Climate of the Study Area 

Dynamic climatic variability resulting in valid climatic 
zones identifies areas with differing values for human activities. 
The interrelationships among temperature, moisture and sunlight, 
each affected differently by underlying vegetation, soils and 
topography, result in unique ways to form homogeneous climatic 
areas. Characteristics of the study area in terms of thermal, 
moisture and radiational fluctuations are outlined in this 
chapter. In most cases, the maps are self-explanatory, but 


brief notes on the extremes found in various areas will be alluded to. 


Temperature 

Thermal sensitivity aids in regulating areal suitability and 
the processes of biological adaptation. The temperature values pre- 
sented are calculated from daily reports supplied by the Department 
of Transport or Alberta Forestry observing sites. Stevenson Screen 
instruments, at four and one-half feet above the ground measure 
maximum, minimum, present and wet-bulb temperatures. Based upon these 
daily values, mean monthly normals for the years 1954 to 1968, in- 
clusive, were then calculated. These values serve as input for the 
following analysis. Presented herein are the seasonal means for mean, 
maximum and minimum temperatures. The season, in all cases, is taken 
to be May lst to September 30th, inclusive. 

Regional comparison between stations is provided in Figure 3.1 


of mean daily temperature for the season. Higher temperatures are 


experienced in the southeast and northwest of the study area as 


‘ 
4 i 
' 
ws 
o 
’ 
‘ 
: 
f 5 
of 
=... 
a 
‘ t 
é wil 
o . 
a P x 
i is 
i] 
= 
J > r. 
: ' [et 
= 7 ’ 
} os 
F bia Mins jet > 
= ~ 
~ 
: 
' OP OS82° MD SO 2S 
¥ _ 


5 . , 
’ . - e Wa a botpmiie eure een Tele, ereran tx ten 
Se i ae 


¥ ™ 
BcO SyugsF wl babivosp mi anotan. 


- ey J 9 
/ 
pe oon pe 


a 


pas pry ot — 
=. oe 
- oe " 


51 


SOUW OOo ee oro 


oot = 08 09 ov = oz 0 Vs aawNOld 


LAHNIYHV4 $3399D30 NI SANTIVA 


ames oawmeemeswr ome ewmeemwemwomwemwemw amare == <= me a=sw === a= a= —_— == 
i . AQsi0yL P MOLD A C 
e . . 

+ sewed 0 ¥. \ 
| UOIIWeA e es y, fs) eu %, ty 
a - ayiAoi6eA yy -_ 

7 ty , 

Aunyue : O, 
| ate uosp3 4 X, 
e uemayoimyses KAS a 
ty 
: uais Sok, 
vs * 
judd 413 


° KS 
4OOJQMAN ° Po 2 oa Mares Tove) e 
enegowis * ce) | 
? 
* jaSeyooy 
}NOYOO)] emMyYey e 
. 
* yoOuUeoW UIeJUNOW jyNUS | 
anig ugmMsS UlIeYNOW @sSoo = 
° gS = 
; ‘% eoseqeuiy ulejyuNO inNoYOO7 = * ue Sues pies 
Tie Awou003 ° 
| \noyoo7] NouleaMS aus | 
¥ yi 
= axe] Ue8H > 6 
x hg e 
| P= } eae NeXSEMHSNg | - e6poseaeeg 
: > g Wy 4 ubem auleig epueIH : | 
| IH punoy if F 
1wewNnovy . 
euie 
ms ureyuno ys UavEW"o nei UB 
j ueoBd , re iy 
° 5 09D ow 3 e = 
INOYHOO™) UI;HU auie e 
i 2 : WNGid WES soe ° WoIOkY | 
= a jnNo4007 a}}e20N0G z 
| D 
. 
she) eoseqem | 
a 9s 
° 
L =—_ a= a= es as aa ; 
0 — a 4a 42 4D a= emnqm=,2. GET =a GP 4a=P == a= 
tl 


- - 7 ee ae oe oe es 
S96l-7S61 | YadW5LdsS-AVW - 
JaNLVasadWSAL AIIVG NVAW 


157 T 


ie 


“A 


te 


52 


compared to the central and southwest portions. The close proximity 

of the southwest to the Rocky Mountains and the higher elevations of 
the central area (Swan Hills) account for the lower seasonal tempera- 
tures. The two areas with the higher temperatures are characterized by 
better agricultural land and more productive soils. 

The rest of the region is primarily forest underlain with grey- 

wooded soils. Lower productive soils are found, therefore, in 

areas of lower temperatures. 

Figure 5.2 gives the mean daily maximum temperature for the 
study area. Higher maximums are located in the southeast and northwest 
than in the central regions. Higher temperatures in the southwest, 
as indicated by stations Hinton and Entrance, are a result of 
micrometeorological increases due to the presence of the location of 
the stations in the Athabasca River Valley. The valley acts as 
a heat source during the daytime and a cold source during the night- 
time. The resulting observations, therefore, are only indicative of 
the river valley. 

The mean daily minimum temperatures, Figure 5.3, again show 
higher values in the northwest and southeast of the area. The 
stations, Hinton and Entrance indicate lower minimum temperatures, 
again, a result of the downslope drainage into the Athabasca River 
Valley at night. Hayter shows that the values for Meanook are high 
and local in nature, not representative of the general surrounding 
area. Using a mobile thermo dew-point recorder, Hayter in 1969 
investigated this localized climate about Meanook in a study of frost 
perception in northeast Alberta. Consequently, in the case of Meanook, 


topography plays an extremely important role in the variation of 
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minimum temperatures. Broad generalization of the region indicates 
that the better agricultural land has minimum chechearnees above 44°F with 
the lesser agricultural land ( <50% cultivated) above 42°F. The 
associated forested environments are below 42°F in the seasonal mean 
minimum temperatures. 

The micrometeorological variations associated with the river 
valley influence at stations Hinton, Entrance and Meanook illustrate 
the one possible error within any regionalization technique using 
only point source data. This should be kept in mind when interpreta- 


tion of these maps is made. 


Standard Deviations of Temperature 


Monthly mean values of temperature can be misleading in the 
interpretation of the climatic variability for the month. To provide 
an indication of the variability in daily temperature, monthly mean 
standard deviations for each station for mean, maximum and minimum 
temperatures were computed. 

The values provided in the accompanying Table 5.1, were 
calculated from daily mean temperatures by: 

n 
n zr Xs 2 
Standard Deviation” = > x ~ i=1 fe 
a N 
where x, is the mean temperature for the day i» and N is the 

i 
number of days in the month. 

Regional maximums and minimums of the standard deviations 
are herein described. Do higher elevation stations experience higher 


standard deviations as opposed to lower elevation stations? From 
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the accompanying Table 5.1, no apparent increase in standard 
deviations of temperature is apparent with increasing elevation. 

In fact, the uniformity of the standard deviation values among the 
stations tends to indicate the lack of abnormal temperature extremes 
within the study region. 

Differences between some point stations of the order of +5.6°F 
are noted in Table 5.1 The June maximum temperature deviation. for 
Round Hill Lookout is +12.4°F in comparison to the June deviation at 
Snuff Mountain of +6.8°F. These spot variabilities do not, however, 
indicate a general trend - the Rycroft June deviation is found to be 
+6.9°F. However, one overall trend. is that the minimum deviation 
of temperature - mean, maximum and minimum - usually occurs in the 
month of July. Similar lower deviation values are also experienced for 
the months of June and August resulting in a 3-month minimum for 
June-July-August. This would appear to be coupled with the period of 
maximum in-coming solar radiation. Beaverlodge, Alberta, serves 
as an appropriate example of the stablizing influence of the solar 
radiation. The May maximum temperature deviation is +10.9°F as 
compared to the July maximum deviation of 27 .4°R. 

Table 5.1 summarizes the monthly standard deviation values for 
maximum, minimum and mean temperatures. The similarity in the 
station's extreme values is illustrated by the deviations being 
normally less than +11.0°F. Accompanied with any generality, 
however, are exceptions. The exceptions in this case are Snuff 


Mountain, Athabasca 2p: Meanook and Round Hill. 
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Table 5.1 


Standard Deviations of the Monthly Temperatures for 
the Stations of the Study Area 1954-1968 


STATION MEAN TEMPERATURE MAXIMUM TEMPERATURE MINIMUM TEMPERATURE 
MAY JUNE JULY AUGUST SEPTEMBER MAY JUNE JULY AUGUST SEPTEMBER MAY JUNE JULY AUGUST SEPTEMBER 
sae eS ee ee a a eS ee ee ee 
Athabasca fat 6.5 5.0 5.1. 6.3 78 8.6 6.7 7.3 8.8 7.0 PGs (5,5 5.4 6.1 
Athabasca 2 8.6 6.5 6.3 5.5 6.6 1.65.9. _ 8.6 7.8 9.1 it” 46 OG 5.2 6.5 
Bald Mtn. Lo. Them 1st CP: 6.7 5610 0 Stadia 78 2 8.9 Ct GS s0s 4.7 5.1 6.8 
Beaverlodge Teak, ee 5.1 6.6 epee fie Maes i 7.5 9.3 6.5 5.3 5.1 5.1 6.6 
Calmar ie Set Sot 5.0 6.6 9.8 F3 - 6.9 7.4 9.3 C7) .5a5 | SD 5.0 6.4 
Campsie iE CheMUGS 5.6 6.1 10,2 S75 "= PIF 8.2 8.9 ns” CE es 6.5 7.4 
Cold Lake ry i ey See 8 6.7 9.87 JF om V0 re 9.1 a Se 5.1 6.5 
Conklin Lookout SG Fi 2 ahd 5.5 6.9 10.9 9.0 7.9 6.8 8.9 SILA ES Suz 6.5 
Deer Mtn. Lo. 1 Sao 5. t 5.2 6.5 b(t My dae 2 5 9.0 6.7 4.9 4.5 4.8 6.5 
Doucette Lo, 8.0 5.4 4.9 5.6 6.4 10:3 8:0 6.9 8.1 8.3 48 SY 6.7 5.2 7.0 
Economy Lo. And & F409 oo 48 a 6.5 20.0 «S595 6.9 7.0 9.1 SAG, th 4.3. 6.2 
Edson 7.0 48 5.5 5.1 6.2 10.5 |) 75 SING 7.8 9.5 a a 5.4 6.4 
Elk Point S22) Sian Ses 54 7.0 Te Fake 75 7.5 9.8 8.2 6.0 6.5 6.3 7.6 
Entrance Ray GAC Sa 5.0 5.9 58 Orn: C26 7.9 8.8 So. ss 55 5.0 6.0 
Fairview TR, = S$. 960 Gk 5.2 6.7 te Ae Be | 7.3 8.8 6.6 Si BS 4.7 6.3 
Falher he ye ae a 5.2 6.2 3.6." 7-55 6.7 8.0 8.6 Gal 55.0, 8.7 4.7 6.2 
Ft. Sask. 1.0 2 5.2 52 6.8 SC oly Jef uae 2 7.5 9.5 7 ee lB Lf 6.4 
Goose Mtn. Lo. Fip Gs | Sct 5.3 6.2 100° 7527.6 7.8 8.7 6.4 5.0 4.8 4.9 6.3 
Grande Prairie Tibey Sith, © Ae 4.9 6.4 oe Ile 78 7.2 8.8 GRY TSE 4.6 5.1 6.6 
Heart Lake S.3.50653 "S55 5.5 Tae Ao 7.7 «-6.6 6.8 9.0 S40) 7500 8.8 5.8 6.9 
High Prairie 7 oe a ai ee 5.7 6.2 10.2 8.0 8.7 8.3 8.2 75 6 Guerra 8 5.5 6.9 
Hinton Sno eo Sie 5.0 6.2 UO Wi at 9.3 65" "s:0 5.0 5.3 6.7 
House Mtn. Lo. Zi, 5.3. 5,0 $4 6.5 10 Meee 226) Tek 7.6 9.0 6.4 5.2 4.6 5.1 6.5 
Iron River i a er 5.0 6.3 9.6) 7-5. 46:6 7.0 8.6 7k Soh eek 5.3 6.6 
Kakwa ae ed See S1 6.6 9:9 -7.6 6.0 7 | 8.9 See ae ee Fe 4.7 6.6 
Kinuso eS Se ee Pe 5.3 5.9 A RCT RE Be, 8.2 7.9 rR ey SAL wat 4.8 6.7 
Lac la Biche 1h 45235 @s9 5.0 6.4 10:07 725° - 6.7 ie 2.5 names. GT 50 5.1 6.4 
Marten Mtn. Lo. 7.6 5.4. “4.9 5.4 6.6 9.3 “Tih 76.2 7.5 8.0 Soe: Y gee 4.9 72 
Meanook 10d 556) 79 6.2 7k 13.0 12.8 10.6 7.8 9.4 905s 89 gt 6.1 6.5 
Newbrook 7.812 26003 DES 6.9 5.2 10.4 8.6 9.7 TA 9.1 7. 6.7" 86.8 6.2 7.0 
Pelican Mtn. Tien 2565 248 5.5 6.2 Milo ett 6.8 7.8 8.3 6.4 5.0 4.4 a 6.0 
Pimple Lo. 7 a eC ie, 5.1 6.2 1603" 7.4) 36.9 7.4 8.6 ie kee wey 4.9 6.1 
Puskwaskau hea «Ser ES 5.3 6.1 30,0 721 6.5 7.6 8.2 6:35 4.8) 4.0 4.5 5.6 
Ranfurly Ro SiG 5 8,2 5.4 Ls ety ea ee! 7.8 9.8 730 535.) SUS | 6.8 
Rochester Files ase bok 5.4 6.8 10d O05 | 846 ZF 9.2 7.20 298 aeeek 5.6 6.8 
Round Hill Lo. 8.5 8h)  <%.6 5.8 6.7 12.7 32-8) 1153 Pe 8.7 RS Fam Sey 5.8 6.2 
Rycroft hk = S00) -5.0 ae: 6.7 TO tie 6.9 see tcs 7.4 9.2 7.2 59 «58 5.8 7.2 
Salt Prairie Lo. 7.50) iS 25.1 5.4 6.0 G9 OUT 6.3 7.8 8.1 b.F Stes S48 5.2 5.9 
Simonette Lo. Rolle) S23, Ses 5.4 6.4 a8 77 8.0 7.9 8.8 Soh) | SBb thd 5.0 6.1 
Sion 7. 4. 47 4.7 6.0 o.8 75k. 7.0 7.1 8.7 Sl i hae 4.6 6.0 
Slave Lake fel? a8? SS 4.6 5.6 9.6 6.6 8.0 6.5 7.9 6.9 5.9 6,2 5.5 6.2 
Sauff Mtn. Lo. et & Bee Br 4.7 6.5 time 68. 6.5 6.6 8.7 6.5 5.0 4.6 4.8 6.5 
Swan Dive Lo. hee 5.6 6.9 10:4 & 224m 76 8.0 9.5 G2 aioe SF 5.1 6.4 
Sweathouse Lo. 7 Sal hy iy a3 4.8 6.3 Te SO te ae 7.3 9.2 6.0 44 4.0 4.2 5.9 
Thorsby 723. 5.1. 6.6 4.8 6.7 6. 7.6, 26.7 7.3 9.2 f.6: 4.8 4.2 4.4 6.2 
Vegreville 75 0 504 152% 5.3 6.5 10.0) 4097.4 7.8 9.7 659.) Siz? BLS 5.1 6.1 
Vermilion Tis) Seen SLY 5.1 7.0 200 7 298 123: PY 9.9 75 S559 556 5.3 6.9 
Wabasca R.S. 1.0.) Sika Sek 5.4 6.3 10,2) 7:3. 8.0 7.8 8.2 pe RS ey Oe 5.4 7.0 
Wegner Ted 4.8 46 4.5 6.1 9.5 6.6 6.2 6.4 7.9 Zekt 56) Se $1 6.6 
Whitecourt Lo. 6.3 4.9 4.6 5.9 6.4 6.9 5,5. 45 5.5 7.1 732° 5.2 SG 5.6 7.0 
Whitecourt Wit oe Sek ihe 9 5.1 6.2 toe?” 7-8. iy.S 7.6 9.0 22 500 Fis 5.8 7.0 


Yellowhead Lo. 7.1 5.2 5.7 5.4. 6.5 10.6 7.9 7.9 8.2 9.7 ; 6.2 5.2 5.7 5.0 6.2 
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Precipitation 


Temperature variations can severely damage and limit vegeta- 
tional growth; so also can the lack of adequate precipitation. 
Isolines of seasonal precipitation (May lst to September 30th) 
are shown in Figure 5.4 Maximum amounts (>16 inches) for the season 
are found usually at higher elevations within the study area, with 
the minimum amounts (<12 inches) located in the northwest and south- 
east regions - lower elevations. Consequently, associated with the 
lower elevations are both minimum precipitation and maximum mean 
daily temperatures. Illustration of the results of topographical 
influence upon the precipitation patterns is noted in the comparison 
of Goose Mountain and High Prairie stations. Goose Mountain Lookout 
at an elevation of 4500 feet has a seasonal rainfall value of 
19.0 inches as compared to High Prairie at an elevation of 1958 
feet with a seasonal total of 10.0 inches. This increase of nine 
inches of precipitation is associated with an elevational increase 
of only 2642 feet. 

But what are the characteristics of rainfall? Can we expect 
the same intensity per month for both low and high elevation stations? 
In order to answer these questions, computation of the mean numbers 
of days of precipitation above 5 base levels per month was 
made and are illustrated in the accompanying Figures 5.5 to 5.7. 
Three stations serve as being representative of the study area stations. 
Grande Prairie at an elevation of 2190 feet typifies the northwest 
portion, whereas Elk Point at an elevation of 1920 feet represents the 


southeast portion of the study area. The remaining higher elevation 
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stations are represented by the Swan Dive Lookout Tower at a height 
of 4174 feet. Table 5.2 indicates the total amount of precipitation 


per month for each of the above three stations. 


Table 5.2 


Mean monthly precipitation - 1954-1968 (inches) 


May June July August September 


Grande Prairie : ge au 2.4 ra be 
Swan Dive bes ze 4.4 3.8 eae 
Elk Point es AR Z29 2.9 1.9 


Grande Prairie indicates a relative maximum in June with the general 
maximum occurring during June, July and August. This general 
maximum is typical of all three stations, most notably Elk Point. 
The Swan Dive Lookout, in contrast, indicates a maximum precipitation 
in July again with the general monthly maximums occurring in June- 
July-August. 

Reference to Figures 5.5 to 5.7 indicates again this general 
June-July—August maximum for the mean number of days per month above 
both 0.0 and 0.1 inches. Above these base levels - 0.0 and 0.1 - 
the frequency curves are altered dependent upon the elevation. 

The lower stations - Grande Prairie and Elk Point indicate a relative 
uniformity in the curves for the frequency above jp eg en wo 
inches. However, the difference between the August frequency at 

the .30 inch level of 5.1 and the September frequency of 2.0 


illustrates this elevational difference. But still, the difference 
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between 5 days and 3 days per month is not of any great significance 
to the vegetational growth rates. In conclusion, therefore, the 
intensity of rainfall at the stations within the study area exhibits 
maximums during June, July and August. On.most days with rain,: : 
rainfall expected is of the order of less than .30 inches per day. 
These findings, in view of the statistical grouping climatic 
classification, are peripheral to the results; however, they 

do provide a better idea of the characteristics of the moisture 


patterns provided for the study area. 


Frost-Free Period 


The occurrence of frost (minimum temperatures less than 
32°F) can severely inhibit, damage and/or kill the vegetation within 
a region. Frost sensitivity and consequent susceptibility to permanent 
damage occurs in many tree species and crop varieties. 

Spatial patterns of the frost-free days are shown in Figure 
5.8. Frost-free period is the number of days between the last 
occurrence of frost in the spring and the first occurrence of frost 
in the fall. Maximum frost-free period (>120 days) is found in the 
northwest portion of the area of study, again, in the environs of 
Grande Prairie. Minimum frost-free period (<80 days) is found in 
proximity to the Rocky Mountains, the Whitecourt area, and the Newbrook 
area. Mean dates of the last occurrence of 32°F in the spring are 
shown in Table 5.3. Likewise, the mean dates of the first occurrence 
of 32°F in the fall are shown for each of the study wed stations. 

Killing frost-free days are also illustrated in Figure 5.9. 


Killing frost-free period is the number of days between the last 
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MEAN DATES OF FROST OCCURRENCE 


Table 5.3 


STATION MEAN DATE OF LAST OCCURRENCE 


Athabasca 
Athabasca 2 
Bald Mtn. 
Beaverlodge 
Calmar 


Campsie 
Cold Lake 
Conklin Lo. 
Deer Mtn. 
Doucette 


Economy 
Edson 
Elk Point 
Entrance 
Fairview 


Falher 


Fort Saskatchewan 


Goose Mtn. 


Grande Prairie 


Heart Lake 


High Prairie 
Hinton 
House Mtn. 
Iron River 


Kakwa Lookout 


Kinuso 

Lac La Biche 
Marten Mtn. 
Meanook 
Newbrook 


Pelican Mtn. 
Pimple 
Puskwaskau 
Ranfurly 
Rochester 


June 11 
May 28 
May 17 
May 24 
May 26 


June 18 
May 24 
June 6 
May 27 
May 28 


May 15 
June 18 
June 2 
June 23 
May 16 


May 24 
May 21 
June 10 
May 17 
May 31 


June 2 


_ June 26 


May 30 
May 25 
May 24 


June 8 
May 31 
May 26 
May 19 
June 11 


May 29 
May 24 
May 20 
May 31 
June 10 


OF 32°F IN THE SPRING 


September 2 
September 14 
September 14 
September 11 
September 11 


August 30 
August 30 
September 12 
September 13 
September 14 


September 18 
August 28 
September 7 
August 21 
September 15 


September 11 
September 14 
August 31 

September 14 
September.’ 13 


September 6 
August 24 
September 11 
September 6 
September 4 


September 9 
September 12 
September 12 
September 17 
August 26 


September 16 
September 13 
September 18 
September 10 
August 31 
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MEAN DATE OF FIRST OCCURRENCE 
OF 32°F IN THE FALL 
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Table 5.3 continued 


STATION MEAN DATE OF LAST OCCURRENCE MEAN DATE OF FIRST OCCURRENCE 


OF 32°F IN THE SPRING OF 32°F IN THE FALL 
Round Hill June 3 September 6 
Rycroft June 2 September 4 
Salt Prairie June 6 September 10 
Simonette Lo. May 29 September 6 
Sion May 25 September 16 
Slave Lake June 3 September 11 
Snuff Mtn. May 12 September 18 
Swan Dive May 29 September 10 
Sweathouse May 17 September 15 
Thorsby June 2 September 9 
Vegreville May 25 September 14 
Vermilion June 5 September 6 
Wabasca May 30 September 13 
Wagner June 4 September 12 
Whitecourt June 20 September 4 
Whitecourt Lo. June 7 September 7 


Yellowhead June 5 September 5 
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spring occurrence of minimum temperatures below 28°F and the first 
fall occurrence of minimum temperatures above 28°F. Much the same 
areal pattern as for frost-free days is shown, as again the north- 
west indicates a maximum (>140 days) and the central areas exhibit 
minimum killing frost-free periods (<120 days). An additional 
maximum is found in the southeast portion surrounding the stations 
Fort Saskatchewan and Sion. The minimum period found in association 
with Vermilion and Elk Point stations is surprising considering the 
southeast portion, in general, is agriculturally developed land. 

The majority of the vegetational growth within the area 
can withstand occasional temperatures of 32°F but the pherbes Ab 
of temperatures at 28°F usually results in permanent injury if not 
cessation of growth. Consequently, the length of killing frost-free 
period appears more important to vegetational association than simply 
the frost-free period. Consequently,the dates of the last spring 
occurrence and first fall occurrence of killing frosts appears in 


Table 5.4. 


Photoperiod 


The high dependence of day length upon latitude results in 
only small variances within the study area. The southern parallel 
of latitude of the study region has an average day-length of 15.1 
hours, while the northern parallel represents 15.5 hours. By employing a 
computer program written by Reifsnyder, micro day-length differences 
are found between stations at relatively the same latitude. The 


day-length calculations are the difference between the times of sunrise 


and sunset, given the tongitude and latitude of each station. 
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STATION 


Athabasca 
Athabasca 2 
Bald Mtn. 
Beaverlodge 
Calmar 


Campsie 
Cold Lake 
Conklin Lo. 
Deer Mtn. 
Doucette 


Economy 
Edson 
Elk Point 
Entrance 
Fairview 


Falher 


Fort Saskatchewan 


Goose Mtn. 


Grande Prairie 


Heart Lake 


High Prairie 
Hinton 
House Mtn. 
Iron River 


Kakwa Lookout 


Kinuso 

Lac La Biche 
Marten Mtn. 
Meanook 
Newbrook 


Pelican Mtn. 
Pimple 
Puskwaskau 
Ranfurly 
Rochester 


May 
May 
May 
May 
May 


May 
May 
May 
May 
May 


May 
May 
May 


24 
10 


Table 5.4 


MEAN DATE OF KILLING FROST OCCURRENCE 


MEAN DATE OF LAST OCCURRENCE 
OF 28° F IN SPRING 


September 
September 
September 
September 
September 


September 
September 
September 
September 
September 


September 
September 
September 
September 
September 


September 
September 
September 
September 
September 


September 
September 
September 
September 
September 


September 
September 
September 
October 1 
September 
September 
September 
September 
September 
September 
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MEAN DATE OF FIRST OCCURRENCE 
OF 28°F IN FALL 
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Table 5.4 continued 


STATION MEAN DATE OF LAST OCCURRENCE MEAN DATE OF FIRST OCCURRENCE 


OF 28°F IN THE SPRING OF 28°F IN THE FALL 
Round Hill May 21 : September 16 
Rycroft May 23 September 13 
Salt Prairie May 14 September 21 
Simonette Lo. May 9 September 17 
Sion May 10 September 28 
Slave Lake May 13 September 23 
Snuff Mtn. April 29 September 27 
Swan Dive May 2 September 23 
Sweathouse May 1 September 29 
Thorsby May 14 September 24 
Vegreville May 13 September 28 
Vermilion May 21 September 18 
Wabasca May 14 September 23 
Wagner May 16 September 25 
Whitecourt May 30 September 13 
Whitecourt Lo. May 21 September 13 


Yellowhead May 18 September 19 
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Likewise, the values for the solar energy at the top of the atmo- 
sphere (Q.),illustrates the same latitudinal dependence. The solar 
energy increases with decreasing latitude. Typical variability of 
Q, is illustrated in Table 5.5 for selected stations in the study 


area. 
Table 5.5 


Solar Energy at the Top of the Atmosphere in Langleys/ day 


Station May 1 June 1 July 1 Aug. 1 Sept. 1 
Beaverlodge 818.3 561.7 980.1 869.1 668.9 
Swan Dive 821.4 962.7 980.8 871.5 67395 
Whitecourt 825.2 964.0 981.7 874.3 679.3 
Vegreville 829.4 965.3 982.6 877.5 685.7 
Thorsby 831.0 965.9 | 982.9 878.7 688.0 


after Reifsnyder, 1970) 
The above empirical estimation technique was, therefore, 
able to provide mean monthly day length values to be used in the 


later statistical analysis. 


Degree-Days 

As frost-free days indicate the length of the growing season, 
so also the accumulation of degrees above various base temperature 
levels serves toindicate the amount of potential heat available. 
Degree-days for May to September were calculated above the Boots 
temperatures of 28°F, 32°F and 42°F. 


The degree-days above 42°F, as shown in Figure 5.10, 
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demonstrate relative maximums (>2000) in the southeast and northwest 
portions of the study area. Similar to the mean temperature distri- 
bution, the minimum areas (<1200) are found in association with 
Goose Mountain and Whitecourt Lookout. Similar patterns are also 
exhibited in the degree-days above 32°F and 28°F. These relative 
magnitudes of the influence of temperature for vegetational growth, 


consequently, become yet another input parameter to the later 


statistical analysis. 


Mean Frequency of Days above Various Base Temperatures 


Frost-free periods provide a measure of the length of the 
summer period without frost. Calculated from the last occurrence of 
frost in the spring to the first occurrence in the fall, the frost- 
free period, in some cases, does not accurately represent the growing 
period. Does the occurrence of one night of frost in July indicate 
that the growth period of that year begins after July? In order 
to eliminate this type of error in growing season estimates, the 
mean frequency of the number of days per month above 28°F, 32°F and 
42°F minimum temperatures was calculated. 

bencreiia, for the mean frequency above 28°F, the study area 
exhibits only minor fluctuations of 1 to 3 days among stations. 

The relative minimum ee at Whitecourt Lookout as 28 days. 

However, more complex patterns become apparent in the mean frequency 

of days above 32°F. Minima appear at Whitecourt Lookout, Hinton and 
Entrance. As noted previously, the micro-climatic variations within 
the river valley account for these lower values in minimum temperatures. 


More striking variations in the mean frequency of days above 
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42°F is shown in Figure 5.11. Distinct minimums (<12 days) are noted 
in the southwest of the study area and at the Athabasca station. 
Each of these stations - Hinton, Entrance and Athabasca - is found 
in the Athabasca River Valley. Relative maximum values are again 
found in the southeastern and the northwestern portions of the study 


area. 


Conclusions 


The majority of the variables shown above are inputs for 
statistical analysis, in later chapters, but in the form of mean 
monthly, rather than seasonal values. This chapter, therefore, 
completes one secondary objective of this study - to provide a 


climatological base to the study region. 
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Chapter 6 


Evapotranspiration and Water-Balance 


Planning and design of programs for managing plant crops are 
dependent to a large degree upon the available soil moisture. This 
requires some form of estimation of evaporation loss to the atmosphere. 
The subsequent balance between precipitation and evaporation- 
transpiration determines the need for irrigation requirements. In 
order to provide ap approximate evaluation of the vegetational moisture 
requirements within the study area, empirical estimation of evapo- 
transpiration and water deficiency per station, was, therefore, studied. 

Numerous techniques for the calculation of potential evapo- 
transpiration, evaporation, and actual evapotranspiration appear in 
the literature of many disciplines. Potential evapotranspiration is the 

"maximum quantity of water capable of being lost, as water vapour, 

in a given climate, by a continuous stretch of vegetation covering 
the whole ground when the soil is kept saturated. Evaporation is 

the emission of water vapour by a wet or a free surface of water, 

in liquid or solid state, at a temperature below boiling point. 
Actual Evapotranspiration is the sum of the quantities of water 
vapour evaporated by the soil and transpired by plants under exist- 
ing meteorological and soil moisture conditions." (W.M.0O., 1966, p.1). 

The techniques of Thornthwaite (1948, 1955), Blaney and Criddle 
(1950), Penman (1948), Ture (1954), Holderidge (1947) and Baier and 
Russelo (1968), each provides empirical formulae based upon a variety 
of meteorological input parameters. 

Keeping in mind the nature of the available input data--temp- 
erature and precipitation--the above techniques therefore essentially 


become a comparison between Thornthwaite and Holderidge. The aero- 


dynamic approach as outlined by Baier and Russelo, estimates latent 
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evaporation dependent upon wind, solar radiation at the top of the 
atmosphere, maximum temperature and vapour pressure deficit. Since 
this method is able to account for 70 to 86 per cent of the variation 
in comparison with atmometers and pans, the results of this method 
will be utilized as a "yardstick" when comparing the above two methods. 
Because of the complexity of the input parameters for the Baier and 
Russelo equation, it was only of use at the first-order meteorological 
stations. Consequently, in order to choose the evaporation estimation 
technique which applied to all study area stations, the relevant 


techniques were applied to the Beaverlodge data. 


Holderidge 


As defined by Holderidge, "potential evapotranspiration is a 
hypothetical figure against which other moisture values can be com- 
pared." (Holderidge, 1962, p. 4). His results are based upon the 
input variables--temperature and precipitation. 

As with most evapotranspiration techniques, a general formula 
is outlined: 


PE = 58.93 x Unit period of time x Comparative plant growth 
No. of units of time mean temperature °C. 


where the unit period of time is usually taken as one year, the number 
of units of time, therefore is either 365 or 366 days and the com- 
parative plant growth mean temperature is the mean annual biotempera- 
ture, as defined in Chapter 2. It would appear, from analysis of 

the formula, that the failure to include a correction factor for the 
variability of incoming radiation as a function of latitude and the use 


of an empirical constant, 58.93, places excessive weighting on the 
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comparative plant growth mean temperature. 
Comparison of the evaporation estimates by Thornthwaite and 
Holderidge, utilizing Baier and Russelo as the "yardstick" will be 


outlined later. 


Thornthwaite 


Owing to the complexity and difficulty in performing the actual 
measurement of the interaction among soil moisture, soil structure and 
climate, the simulation of these intercorrelations through the use of 
empirical formulae becomes necessary. 

Thornthwaite, in 1948, presented a formula to calculate potential 


evapotranspiration at a point, which is given by: 
x 10Ty\a 
PE = 1.6G5— (1) 


where potential evapotranspiration (PE) is the monthly unadjusted 
PE in centimeters, T is the mean monthly temperature (°C). TE da tus 
annual temperature-efficiency index (°C) and a is the cubic function 
of TE. 

The temperature-efficiency (i) per month can be better ex- 


pressed mathematically as: 


ts 
oe Sen ay F' 
ip alt (ARs) (2) 
where ty is the mean monthly temperature of month i. The 


annual temperature-efficiency index (TE) then is expressed by: 


where n is the month of the year. 
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Similarly, a can also be expressed as: 
a= 6. 75M 10’ (rE)° = 27 10> (TE)? + 1.79 x 10°*TE + 0.492 
where TE is the same as mentioned above. 

Shortcomings or weaknesses within the Thornthwaite method 
are aptly illustrated in the literature. These weaknesses are: one, 
the lag of mean air temperature compared with direct solar radiation; 
two, the assumption that evapotranspiration ceases once the mean air 
temperature falls below a°as: third, the lack of incorporating a 
correction for wind speed; fourth, exclusion of the influence of warm 
and cold air advection on temperature; and fifth, the assumption that 
temperature is an adequate indicator of the energy needed in evapora- 
tion measurements. Additional shortcomings become apparent when soil 
moisture levels are utilized in the bookkeeping method for water- 
balance studies. However, despite the exclusion of radiation and wind, 
this empirical method of calculating potential evapotranspiration as 
a function of mean air temperature has gained wide acceptance in agri- 
culture, forestry, and hydrology because of its relative simplicity 
to provide comparative indices for areally different stations. 

An extremely dense network of climatological stations exists 
in the study area, but, as mentioned previously, the majority of these 
are Alberta Forestry Towers, reporting, at most, on a 7-month basis. 
Consequently, the above mentioned Thornthwaite formulae were adjusted 
from the 12-month to the 7-month time period to conform with the length 
of tower reporting periods. 

However, both temperature and precipitation for the winter 
months are missing, thereby, invalidating the present use of the 12- 


month evaporation formulaes. Thornthwaite's formula offers the best 
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opportunity for modification to yield reliable results. 

Modification of the Thornthwaite technique, by employing two 
assumptions provided the needed Be mreate for evapotranspiration 
estimation. Assumption one is that within the study area, the mean 
temperatures for the months November to March, inclusive, are below 
32°F. This results from the basic premise of the Thornthwaite formula 
which postulates that potential evapotranspiration is zero if the mean 
monthly temperature is below 0°C, 

Data from stations with long-term records indicate that the 


above assumption appears to be valid (Table 6.1). 
Table 6.1 


1931-1960 


MEAN MONTHLY TEMPERATURE (°F) AT SELECTED STATIONS 


JAN. FEB. MAR. ... NOV. DEC. 
Athabasca 5 Rep si7.9 § Saige “y.6 
Beaverlodge (7) sear tre) 1 a3e7” “12.8 
Calmar Sey Payee 30.72 Ye aga” 926 
Cold Lake wet Fn. sia oe “erg tive 
Edson 8.4 13.8 23.6 es 22805 1235 
Fairview 2.4 POLARIS sh dnves ductal. Sy aaeed 
Ranfurly 2.9 Pa ries ey. Sao Mig 
Wagner chen d S265 A9.4n6 aney a 9.6 


(after Climatic Normals, 
eae BR | 


To ensure correctness of the assumption, not only for long-term 
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averages but also for individual years, comparison at Beaverlodge 


for the years 1954-1956 is shown below (Table 6.2). 


Table 6.2 


POTENTIAL EVAPOTRANSPIRATION 1954-1968 FOR BEAVERLODGE 
(after Thornthwaite) 


YEAR MONTH 12-MONTH POTENTIAL 7-MONTH POTENTIAL RESIDUALS 
EVAPOTRANSPIRATION EVAPOTRANSPIRATION 
INCHES INCHES 
1954 4 0.4 0.0 0.4 
5 hed a AD ude 
6 3.6 3.8 -0.2 
7 4.4 4.5 -0.1 
8 3.8 3.9 mel) 
9 2.2 2.4 -0.2 
10 ba 1 aD § 0.0 
1955 4 1.0 0.9 +0.1 
J pe 2.9 -0.1 
6 4,2 4.3 =() 0 
7 4.6 Hed a 
8 3.8 a8 -0.1 
9 yy pA | -0.1 
10 0.9 0.8 +0.1 
1956 4 1.0 0.8 0.2 
5 es 3.5 0.0 
6 3./ 3.8 -0.1 
7 4.8 4.6 +0.2 
8 4,2 4.2 0.0 
9 261 Awd cat eat 
10 0.8 0.4 +0.4 


a 


The difference between the findings based upon 12 months and 
7 months data is a result of the earlier discrepancies in mean monthly 
calculation. 

Two methods are now available for the calculation of Potential 
Evapotranspiration--Thornthwaite and Holderidge. The unit period of 
time, as noted in the formula by Holderidge, can be reduced to a 


monthly basis such that 7-month estimates of potential evapotranspira- 
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tion are quite feasible. But which is the better one? 

In order to answer the above question, yearly totals of poten- 
tial evapotranspiration for the years 1954-1956 are presented in Table 
6.3. Keeping in mind that the Baier and Russelo value of 18.5 inches 
is the "yardstick", the Thornthwaite long-term total of 19.6 inches 
appears to be the better estimation formula. The deviation of 5 per 
cent for Thornthwaite and 17 per cent for Holderidge from Baier and 
Russelo's estimate thereby furnishes the answer to the above question. 
Consequently, in subsequent calculations of potential evapotranspira- 
tion, the 7-month Thornthwaite procedure will be followed. 

Potential evapotranspiration (PE) was then calculated for each 
of the five study area stations with the results for the months May 
to September becoming data for later statistical analysis. Figure 
6.1 illustrates the variability for the seasonal average (May-September) 
at each station from_1954 to 1968. Areas of relatively low PE (16.0") 
are found in the Swan Hills in association particularly with the Goose 
Mountain Lookout station. Conversely, two areas of maximum PE (18.0") 
are noted in the southeast and northwest portions of the study area. 
These two areas correlate with the lower agricultural land whereas the 
Swan Hills are characteristic of the forested and upland regions. 

The second assumption is that the winter precipitation within 
the study area is able to recharge soil moisture storage successfully 
by March 30th, each year, to the 4.00-inch level. Four inches is the 
base level assumed for the purpose of this thesis. Again cross-checking 
with the above mentioned stations ensures that with the amount of water 
in storage at the end of October plus the November to March precipita- 


tion, ample water for four inch recharge is provided. The long-term 
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Table 6.3 


Comparative Analyses after Holderidge and Thornthwaite 


BEAVERLODGE 


rose = 1965 
ol a SR ON Lt en Se ee LO er 


MEAN MEAN TOTAL 

ANNUAL ANNUAL ANNUAL HOLDERIDGE THORNTHWAITE 
YEARS oo es ae BLIOTEMP (°C) PRECIP. (IN.) PE (IN.) PE (IN.) 
1954 1.06 6.2 18.6 414.3 18.6 
1955 0.32 6.1 l7y.2 14.3 19.4 
1956 1,61 6.7 LT v3 15:6 19.5 
1957 NE ike) 6.3 Es a | 14.6 19.2 
1958 2.84 7.0 14.5 16.3 20.9 
1959 ey. 6.0 45.5 13.9 18.8 
1960 2.63 ey ia E502 20 ob 
1961 1.97 6.8 16.4 15.8 oso 
1962 1.98 6.5 194 BD 2 20.1 
1963 2.26 6.9 14.4 16.0 20.1 
1964 1.11 3.9 28.8 13.8 19.2 
1965 0.86 6.3 25.4 24.5 19.4 
MEAN 1.68 6.4 a! 15.0 19.6 


AGROMETEOROLOGY (BAIER AND RUSSELO, 1968) PE LONG TERM NORMAL 18.5 IN. 
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averages of precipitation for the same stations as before are shown 


in Table 6.4. 


Table 6.4 


LONG-TERM NORMALS OF PRECIPITATION (IN.) 


1931 - 1960 
STATION JAN. FEB. MAR. eee NOV. DEC. TOTAL 
Athabasca Dodd 97 85 “te 3 2303 plothd 5.2 
Beaverlodge avi eeae Loti, W0d arr Dy, 29m 1.15 5.9 
Calmar 0.84 0.67 0.83 tats Os Q2ick DBZ 4.1 
Cold Lake Onvonat) ail oc thkeOS eee HOY Lock.02 4.8 
Edson 2000 va.aA5S.onwW 295 aide 1303.20.99 4.7 
Fairview bs23 stdwkd 1.03 ome Nie? exeksas 6.1 
Ranfurly 0.80" 0.60:0°.0.'82 tints 0.90 0.86 4.0 
Wagner 0.87 0.92 0.59 ele ieaD Tverd. ako 4.6 


(after Climatic Normals, Vol. 2) 


Table 6.5 provides the water deficiency patterns on a finer scale 
per year for 1955 and 1956. In the calculation of the 12-month deficit 
values, since the soil moisture value is carried over from one year to 


the next, the year 1954 is not illustrated below. 


Table 6.5 
YEARLY WATER DEFICIENCY ABOVE 4 INCHES 
BEAV ERLODGE 
YEAR 12-Month Water 7-Month Water Residuals 
Deficiency Deficiency 
1955 3.94 eae -.11 


1956 5.20 4.99 +.21 
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As before, the change to the 7-month period for calculation 
of the Thornthwaite deficiency patterns appears to provide reasonable 
estimates for water deficit. The spatial variations in the deficiency 
per station are shown in Figure 6.2. As before, seasonal averages 
point out relative minima values in the Swan Hills with maximum figures 
noted in the southeast and northwest of the study area. In comparison 
with the seasonal means for potential evapotranspiration, it would 
appear generally that water deficit is greatest where high potential 
evapotranspiration is associated with the agricultural land. 

Likewise, the calculation via the Thornthwaite bookkeeping 
procedure, provides an estimate of actual evapotranspiration. Figure 
6.3 notes the macro 7-month variations within the study area. Where 
areas of high potential evapotranspiration occurred, for example, Fort 
Saskatchewan, correspondingly low actual evapotranspiration is noted, 
thereby creating a large water deficiency. This occurs when soil 
storage reaches zero such that the actual evapotranspiration is equal 
to the precipitation. The water deficiency then becomes the difference 
between precipitation and potential evapotranspiration subtracted from 
the previous month's storage value. An example of this point appears 


later in the Chapter in Table 6.6. 


Water-Balance 


The technique of calculating water-balance is much more com- 
plicated than the simple difference between precipitation and potential 
evapotranspiration. A colleague of Thornthwaite's, Mather, explained 


the bookkeeping method as follows: 
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"When the potential evapotranspiration is compared with the pre- 
cipitation, and allowance is made for the storage of water in the 
ground and its subsequent use, periods of moisture deficiency and 
excess are clearly revealed and an understanding of the relative 
moistness or aridity of a climate is obtained. If the amount of 
precipitation is always greater than the evapotranspiration, the 
soil will remain full of water and a water surplus will occur. 

On the other hand, if precipitation is always less than the poten- 
tial evapotranspiration or water need, moisture will be limited 
and a moisture deficit will exist. Under normal conditions both 
of these conditions will occur during the course of a year or 
several years at a place so that a comparison of the potential 
evapotranspiration with the precipitation will show both a wet or 
a cold season in which water need is less than the available pre- 
cipitation. Under such circumstances there usually occurs a period 
of full soil moisture storage when precipitation is greater than 
the moisture demand and a moisture surplus accumulation; a drying 
period, when the moisture in the soil is used by the plants, the 
soil moisture storage is diminished and a moisture deficit occurs; 
and a re-moistening season, when precipitation exceeds water use and 
the soil moisture storage is replenished. The values of moisture 
surplus and deficiency as well as of the other factors of the 
water balance can be computed by means of a simple water balance 
bookkeeping procedure." (Mather, 1959, p. 251) 


In order to describe the complete water-balance bookkeeping 
procedure better, an example for Beaverlodge 1968 is shown in Table 
6.6. Employing Thornthwaite's original formulae, as presented in 
equation (2), the heat unit I is the summation of the monthly temper- 
ature-efficiency (i) value. By substituting this into equation (1), 
the unadjusted potential evapotranspiration in centimeters is shown. 

By applying a correction factor for the specific latitude, the adjusted 
PE (in centimeters as well as in inches) is then calculated. The next 
step in the procedure after introducing monthly totals of precipitation 
is calculating the value for soil moisture storage change. If precip- 
itation is less than PE the storage change becomes negative, as noted 
for April. Assuming a storage level of four inches in March, the 
addition of March storage and April storage change yields the storage 
for April. When the potential storage loss is greater than the storage, 


the soil moisture drops to zero. It remains at zero until the storage 
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change becomes positive and moisture is available to replenish the 
soil. There can not be a negative storage level. The subsequent 
values of actual evapotranspiration, deficit, surplus, and runoff 

are dependent upon the interrelationships of precipitation, PE, and 
storage. For example, if the storage change is zero and storage is 
zero actual evapotranspiration is equal to the precipitation, since 
this is the maximum available moisture for evapotranspiration under 
these circumstances. The deficit then becomes the value of potential 
storage change (difference between precipitation and PE). These two 
points are illustrated for the month of September. As a check upon 
the accuracy of the arithmetic the total actual evapotranspiration 

is equal to the potential evapotranspiration minus the total deficiency 
per year. 

Since a 7-month technique was adopted, the surplus and runoff 
values are therefore not accurate, necessitating their exclusion. 
Surplus is the amount of water Bouve the pre-set limit of four 
inches. Since the months between November and April were not included, 
the associated yearly surplus total is misleading. 

Consequently, for further statistical analysis, the monthly 
values of potential evapotranspiration, actual evapotranspiration and 
deficit per station between 1954 and 1968 provided additional input 


parameters for the months May to September, inclusive, 
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Chapter 7 


Thermo-Dew-Point Recording 


Of special interest to many people--especially farmers-~-are 
the climatic variations, notably termperature and humidity, in their 
immediate area. The Department of Transport Weather Stations often 
fail to furnish accurate interpolations of the present climate, thus 
necessitating a different method of recording--namely mobile trav- 
ersing. For example, between the stations Whitecourt and Wagner, 
the Swan Hills rise to a height of 2000 feet above the surrounding 
plains. Interpolation of thermal variability between Wagner and 
Whitecourt to cover the Swan Hills is therefore by no means representa- 
tive. 

To date quite extensive studies have been undertaken with mo- 
bile recorders but mainly in urban environs--studies concerning urban 
heat island effects from 1936. Use of this technique is particu- 
larly lacking in rural areas. MacPhail's (1966) description of numer- 
ous traverses in Southern Ontario and Longley and Louis-Byne's (1967) 
investigations of frost hollows in Alberta constitute the major work 
in country settings. 

The technique of mobile thermo dew-point recording serves two 
purposes--first, the investigation of temperature variations under 
forest cover; and secondly, the investigation of the reliability of 
climate-station data as indicative of its locale. An additional use, 
smoothing of macroclimatic areal boundaries, dependent upon the test 


area cases as examples, becomes important in Chapter 9. 
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Theory of Operation 


The thermo dew-point instrument uses a platinum resistance 
bulb as a humidity sensitivity cell. The air temperature recording 
simply functions on the basis of an electrical resistance in the 
metals as they undergo a temperature change. The thermo dew-point 
recorder is calibrated in units of temperature not in units of 
resistance. However, the dew-point sensor is slightly more complicat- 
ed. Moisture determination is based on the fact that for any water- 
vapour pressure about a saturated salt solution there is an equilibrium 
temperature. The term "dew-point" is applied to this equilibrium 
temperature of the solution, being the same as the dew-point of the 

air. Theoretically, this is the method the Dewcel probe utilized 

in indicating dew-point. The probe, consisting of two parallel 
electrical conductors with an A.C. potential between them, is wound 
about a tube of wicking containing an excess of lithium chloride crystals. 
As a result, any decrease in the water-vapour pressure causes the 
solution to dry out, decreasing the flow of electricity such that the 
element cools to a new moisture equilibrium. Consequently, the Dewcel 
cannot record below 1l per cent relative humidity at high temperatures 
(100 - 120°F) or below 30 per cent relative humidity at very low 
temperatures (-40°F). Since these extremes of temperatures and 
humidities are rare under forest covers, it appears that for all prac- 
tical purposes, the thermo-dewcel recorder functions extremely accur- 
ately for studies of this nature. 

To ensure mobility, a portable areace supply with an out- 
put of 117 V. A.C. 60 cycles with an operating life of 4 hours before 


recharging, was essential to the instrument. Another alteration 
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concerned the design of a suitable protection for the thermistors 
attached to the front of the vehicle. As is seen in Figure 7.1, 

a cylinder with open ends ensured a free ventilation of the probes 
thus eliminating any possible warming effects. 

The principle of measurement in this instrument is a 
wheatstone bridge circuit, as illustrated in Figure 7.2. As was 
mentioned previously, any change in temperature results in a change 
in the electrical resistance but is displayed in units of temperature. 
Referring to Figure 7.2, by adjusting the brush C until no current 
flows through the Galvanometer G, the resistance between A and C 
is represented by r, and between A and B by R,,_ such that the 


following equation results: 


ey x Ry 
ig ee: IS 
In the equation, Rj, Ry, R3 are fixed resistance values so that the 
value R, varies with r, making possible the direct graduation of 
scales on r. 

Basically, this is the theory of operation, but in practice 
an intricate system of amplifiers, D.C. to A.C. converters, and 
balancing motors is used before the ambient and dew-point temperatures 
are recorded on the chart. 

The time lag was determined for a similar instrument by 
Djurfors, in 1969; "the thermometer will register 63 per cent or 
1/e of a sudden temperature change in .7 sec." (Djurfors, 1969, p.15) 
As an example of the effiency of the thermometer, Djurfors presents 


the case whereby a temperature change of 1°C. with 90 per cent ex- 


ane : y 


Figure 7;1 


Mounted Foxboro Thermo Dew-Point Recorder 


2 POWER SOURCE 


D 


Figure 7.2 


Wheatstone Bridge Circuit 
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plained temperature change was recorded in "1.61 sec." Moreover, 
considering that the vehicle is travelling at 30 m.p.h., the distance 
discrepancy between the place of actual temperature and the place 

of recording the temperature was 72 feet. 

The speed of the vehicle is yet another definite factor that 
must be considered. It has been found from these and subsequent 
traverses that if the speed of the vehicle is in the range 0 - 15 m.p-h. 
engine heat affects the results, especially the dew-point readings. 


An example of such an increase is shown in Figure 7.3. 


10 
SUNRISE ——— MAY 8 1969 
STOP 
a 
ii 
1 \ 
0 m1 
' 3 
T 
—10 . 
nanan AIR TEMPERATURE 
a DEW POINT TEMPERATURE 
-20 


Figure 7.3 


Typical reaction in the thermo dew-point traces 
when the vehicle is stopped--duration 2 minutes. 


The dry-bulb temperature readings fail to show the same noticeable 
variations, but minor increases of approximately 1°C have been re- 
corded when the vehicle stops. Furthermore, at speeds above 40 m.p.-h. 
the instrument fails to record the small cold or hot pockets which 
are quite Sai at speeds of the order of 30 m.p-h. It is 
therefore imperative that a near constant speed be maintained during 


the traverse if the reference time checks at stations are to be 
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correlated with the constant speed recordings of the instrument. 


Time of Traverses 


To date the traverses have been taken at 3 distinct times 
of the day--sunrise, maximum heating ae sunset. 

Sunrise has been found to yield the greatest variations in 
both temperature and dew-point traces. Examples of this trend are 
illustrated in Figure 7.4 for Spring Creek Basin. For approximately 
one hour before sunrise to a half-hour after sunrise, the temperature 
is close to the minimum temperature. An additional half-hour of 
traversing is available under the forested areas, a result of the delay 
in the penetration of the solar heating through the forest canopy. 

As Figure 7.4 illustrates, a definite correlation of topography with 

air and dew-point temperatures is noted. It is particularly important 
in sunrise traverses that clear (Ci allowable) mornings be used, elimin- 
ating any cloud influences on minimum temperatures. Low cloud usually 
indicates a warming influence, thus invalidating the climatic trend. 

The traces at the time of maximum temperature are equally time- 
spaced about maximum heating each afternoon-~again a duration of approx- 
imately one and one-half hours. Fortunately, in the Spring Creek Basin 
the thermograph in the fixed’Stevenson Serees indicated that the maximum 
heating occurred at the same general time each day--2:45 P.M. As one 
would expect, a large spread between the ambient and dew-point tempera- 
tures occurs, indicating a low relative humidity (Figure 7.5). Cor- 
relations of the temperature with topography are not as definite as 
the sunrise traverses. Attempts, again, should be made to traverse 


on relatively cloudless afternoons as cloud shadows produce variations 
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on the traces. On such cloudless afternoons, the maximum temperature 
fluctuates vary little (1 - 2°C) in the hour and half of traversing. 

Sunset traverses are also equi-spaced about the time of sunset, 
thus being a useful aid in establishingthe rate of increasing relative 
humidity in the forested regions once the sun has set. As illustrated 
in the subsequent records (Figure 7.6), the spacing between ambient 
and dew-point traces decreased quite rapidly as the radiational heat- 
ing diminished after the return through station 10. 

At present, each traverse route was travelled, weather per- 
mitting, four times--sunrise, maximum heating, sunset, and the follow- 
ing sunrise. Consequently, isotherm maps and topoclimatic graphs 
display the resulting temperature and humidity trends in the study 


areas. 


Testing of the Instrument 


In order to check the reliability of the instrument readings 
in the field, two methods were followed. Firstly, cross-checking of 
the traces with the base reporting station while the vehicle is stopped. 
and in motion indicated air temperature readings within +.4°C. Read- 
ings within +.5°C were found for the dew-point sensors by cross-—checking 
with the wet-bulb thermometers in the Stevenson Screens. As an il- 
lustration, the observations at Swan Dive Lookout Tower for June 14 
in comparison with the instrument observations at minimum temperature 


are shown in Table 7.1. 
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Table 7.1 


Comparisons of Swan Dive Tower Observations and the Therme-Dew-PointRecorder 
Swan Dive Tower Thermo Dew-Point Recorder 


Air Temperature 48.2°F 48.0°F 
Relative Humidity 38.5% 39.02% 


Secondly,repeated traverses of the same route on clear calm 
days indicated the constancy of the thermal variations. As illustrated 
in Figure 7.4, increases in ambient temperature are shown in associa- 
tion with station 1 on the three consecutive traverse mornings-—-May 7, 

8 and 9th. Similarly, decreases in temperature are also noted in 
conjunction with reference station 2, again for all three mornings. 

Also, the duplication of the same route within 10 - 15 minutes 
showed the validity of sampling the temperature of the stable air 
masses--not "freak" warm or cold spots. N. C. MacPhail noted in Figure 
11 of his paper that by returning over the same route within 10 - 15 
minutes, any cold spots previously recorded were eliminated by the dis- 
turbance of the air strata as the vehicle passed. However, after 
extensive traverses in the Spring Creek Basin and elsewhere, the author - 
has been unable to substantiate this fact. As illustrated in Figure 
7.7, identical return traces were recorded through the reference points 
H1, 2 and 7--this being within 10 - 15 minutes of the original traverse. 
As a result, the traverse would appear to be as accurate in recording 
one-way as on the return route--the vehicle having little effect upon 


! 


the observations. 


Areas of Study 


To serve as indicators of the thermal variations on a macro- 


« 
= 
sS 
— = 
{ 
“ 


im €l — OF-pkeds ig . Ret ee br 


= 
7 
ae 
« - 2 
a 
i’. &! 
=e — 
- 7 vi ve 
= ~ SS —— 
“ is 2 EGS) Se U ow it 22 
i TutsTsqme oF A 
- y 7 ae 
< v2 Ph tau ovida fas 
o ‘ 
2 
tea 
%-, ray ie 
ts ‘ ; : > 
>» « > t 
- “2. Mie xO 
« a > 
3D ,V¥iTs 
* is f Soro 7 5 a 
; = t iL. ib 
— 
. . 4 
: 20. 
: dl 
{ b te) rte 
6 s 
t ny Gg ai lg 
4 " 
= & iG G ox « 
A! 4 B . > ‘sis 
f = 
Sieh 7G ig r 


i eli, sueiigpgedee of eldany 


P 
oW eecaT? sxysghs—ie 
: ed i ee 2, be, 


. oa 
Ps . at Ae 
isfqon bhutow suey 33 ots Pe Bo 


RETURN TRAVERSES THROUGH 
STATION H1 ‘69 


— —|— 93/00 — 


«m= DRY BULB TEMPERATURE 
1 STATIONS 


FIGURE . 7.7 


- —s ~ i 
a a ee ee ee ee 


105 


climatological level, five different types of study areas were chosen. 
In all cases, the graphs and maps represent traverses at 30 
m.p.h. under clear and relatively calm ( 5 miles per hour wind) at- 
mospheric conditions. It is in association with these conditions 
that maximum thermal diurnal variations occur. Cloudy conditions 
inhibit the incoming solar radiation such that less differential heat- 
ing of the earth's surface is found. Likewise, wind conditions mix 
the air strata, thereby eliminating cold or hot spots. Therefore, 
under clear calm conditions, warmer and colder pockets in relationship 
to topographical variations become more apparent. 

The five areas --Swan Hills, Lesser Slave Lake, Frog Lake, 
Spring Creek Basin and Hinton-are characteristic of a unique aspect of 
the larger study region. The location of these areas is shown in 
Figure 7.8. Swan Hills, rising 2000 feet above the surrounding plains, 
illustrates primarily thermal topographical variations within forest 
environments. Lesser Slave Lake, as the name implies, shows the effects, 
if any, of large water bodies upon the surrounding temperature regimes. 
Likewise, but on a much smaller scale, Frog Lake notes the effects of 
the lake temperatures on an area of undulating topography subject to 
extensive frost damage. Spring Creek Basin, utilized as the test basin 
for the instrument, denoted the topographic variations in temperature 
within a relatively uniform forest stand. Lastly, the Hinton Area or 
better named the Athabasca River Valley notes the effects of a forested 
river valley upon the thermal patterns. | 

In conjunction with each of these areas is the examination of 
the local area which is represented by the reporting station as char- 


acteristic of its locale. It has long been thought that because of the 
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height and exposed condition of the forestry towers, each of these 
observing points was not climatically typical of the area surrounding 
it. In many cases, eg., Swan Dive, this is the case. However, the 
same can be said for many of the Department of Transport stations, 
for example Meanook, Hinton, Entrance, Athabasca, Lac la Biche and 
Wagner. These non-representative stations will become apparent in 
the presentation of thermal maps later in the Chapter. 

Also measured was the dew-point temperature during each set 
of traverse routes., But because of the variability of moisture upon 
air mass characteristics, only the occasional dew-point readings 
will be presented. The graphs for Spring Creek Basin serve as adequate 
indicators of the expected variability in moisture measurements. 

Figure 7.4 illustrates the increase in dew-point at station 2 near 
Spring Creek signifying a relative humidity of 88 per cent. 

In attempting to bridge the gap between these micrometeor- 
ological recordings within the macroclimatological setting, only macro- 
scale thermo maps will be presented. Minor fluctuations of temperature 
in response to hollows and crests in the land are to be expected and 
yet are not of major importance for macrometeorological classifica- 
tion. Consequently, each of the above mentioned five study areas will 
be presented below in the form of maps and, where needed, additional 


graphs will be used. 


Swan Hills 


Radiating outward from the base station-—Swan Dive Lookout-- 
six routes were chosen and traversed during June 4 to 16th, 1969. In 


order to define the observing area of each station, the routes 
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linked the stations Deer Mountain, House Mountain, Goose Mountain, 


Fort Assiniboine, Pimple Lookout and Whitecourt. These routes are 


shown in Figure 7.9. 


Figure 7.9 


Swan Hills Traverse Routes 
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Figure 7.10 shows a section of the route between the Swan 


Dive Tower and the Pimple Lookout Tower. 


Figure 7.10 


Swan Hills to Freeman River 


Minimum Temperatures June 16 


STREAM 


A surprising drop of 11°F. was noted in descending the first 200 feet 
out from Swan Dive toward the Freeman River. A similar decrease in 
temperature close to the Freeman River was not experienced. In fact, 
the opposite was true. The temperature increased upon approaching 
the river. This would appear to be a result of the warming influence 
of the water at night upon the surrounding temperatures. It would, 
therefore, appear that definite cold air drainage results in the in- 
itial decrease in temperature off the Swan Hills with the Freeman 
River being able to have a distinct modifying influence upon this 
colder air. 


The cold air drainage off the higher elevations becomes much 
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more apparent in the spatial maps of minimum temperature. Figure 7.11 
shows the differencein minimum temperatures from the base station Swan 
Dive. Based upon relatively uniform temperature trends, not simply 
spot temperatures, decreases of the order of 8°C. in the lower valley 
portions of the Swan Hills at night are prevalent. Isotherms drawn 
about each reporting station indicate the uniqueness and non-repre- 
sentativeness of these five stations to describe the climate of the 
Swan Hills. With the exception of Goose Mountain Lookout, the ob- 
serving stations within the Swan Hills can be treated at minimum 
temperatures as representative of very small areas. But is this the 
case at maximum temperatures? 

Figure 7.12 shows the differences in maximum temperatures 
from the base station Swan Dive. With the exception of Goose Mountain 
Lookout, uniformity in the temperature characteristics are noted, 
both in the valley regions and at mountain lookout stations. One 
other area in the section between Swan Dive Tower and Pimple Lookout 
exhibits an increase in temperature of 7°c. This is the result of 
the angle of the south slope at this point allowing it to absorb 
the maximum amount of incoming solar radiation. The south slope be- 
tween Swan Dive Lookout and Fort Assiniboine is generally 2°C. warmer 
mainly due to the more gently sloping topography. Goose Mountain 
Lookout at the time of rete temperatures is found to be 2°c. cooler 
than the other stations. This would appear to be a result of the 
higher elevation at Goose Mountain--326 feet higher than Swan: Dive 


Tower. 
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Figure 7.11 
Difference in minimum 


temperatures from the 


base station - Swan 


Dive Lookout. 
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Lesser Slave Lake 


Again the traverse results were chosen such that the base 
stations--Slave Lake and High Praire--are found at the beginning of the 
routes. The traverses were recorded between the 18th and 26th of 
August, 1969. Overlapping of the traverse routes, as is shown in 
Figure 7.13, enabled the resulting temperature differences to be 
standardized in relationship to the Slave Lake Station. Likewise, 
duplication of part of the route into the Swan Hills enabled the Slave 
Lake station to be adjusted such that results between the Slave Lake- 


Swan Hills areas could be compared. 
Figure 7.13 


Traverse Routes in the Lesser Slave Lake Area 
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Figure 7.14 shows the minimum temperature traverse from Slave 


Lake to Wagner on August 21, 1969. Slave Lake is located on the south- 
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eastern tip of Lesser Slave Lake at an elevation of 1922 feet, whereas 
Wagner is found on the southern shore at an elevation of 1915 feet. 


Located directly south and southwest of Wagner are the Sawridge Hills, 


rising to an elevation of 2500 feet. In contrast, the general top- 


ography about the town of Slave Lake is low and marshy with the Lesser 
Slave River, the outlet to Lesser Slave Lake, found to the north of 
the town. 


The traverse of August 21 indicates lower temperatures of 


the order of 3°C. in the vicinity of the Slave Lake Station. 


Figure 7.14 


Minimum Temperature Traverse 


Slave Lake to Wagner 


August 21, 1969. 
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Assuming that during the time of minimum temperatures, the lake acts 

as a heat source, then one plausible explanation of the difference in 
temperatures is as follows. The Sawridge, Flat-top and Marten Mountains 
encircle the town of Slave Lake. The resulting cold air drainage at 
nights therefore would accumulate in the lower valley regions--namely, 
in the area surrounding Slave Lake. Wagner, owing to its close prox- 


imity to the Sawridge Hills would not be affected to a large degree by 
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this downflow of cooler air. The warmer lake air would be sufficient 
to divert the flow to Slave Lake since the predominant wind direction 
funnels into the Slave Lake townsite. Therefore, both the warmer lake 
air mixing with the cooler downvalley air at Slave Lake results in 
lower temperatures, relative to Wagner and yet warmer than High 
Prairie. This is illustrated in Figure 7.15, where generally the 
southern and eastern ends of Lesser Slave Lake exhibit warmer tempera- 
tures. Keeping in mind that the predominant direction of the wind is 
easterly on the lake, it is not surprising to find warmer minimum 
temperatures in this region. 

The maximum temperature distribution for areas surrounding the 
Lesser Slave Lake are shown in Figure 7.16. During the daytime, Lesser 
Slave Lake acts as a source of cooler air--the land heating at a faster 
rate in response to the incoming radiation. It was therefore found by 
numerous traverses in this area that the southern and eastern portions 
of the lake's periphery were cooler than the western portions. Out- 
flowing of cool air from the lake, in the direction of the wind off 
the lake, would therefore, be found in the eastern sections. 

In conclusion, owing to the predominant westerly flow of air 
over Lesser Slave Lake, the eastern portion of the lake and environs 
are modified both at maximum and minimum temperatures. Higher minimums 


and lower maximums are characteristic of this easterly region. 


Frog Lake Area 


Again primarily a study of lake influences, the Frog Lake area, 
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Figure 7.15 
Difference in minimum temperatures from the base station - 


Slave Lake 
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Figure 7.16 
Difference in maximum temperatures from the base station - 


Slave Lake 
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was studied between May 20th and 24th, 1969. The three traverse 


routes are shown in Figure 7.17. 


Figure 7.17 


Traverse Routes in the Frog Lake Area 
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In the case of the two traverse routes passing through Elk 
Point, small variations of the order of 1 - 2°C. in response to the 
topography were noted. As a result, for the purposes of macro- 
climatological research, the Elk Point station was treated as repre- 
senting a much larger area than the forest lookout towers (for example, 
Swan Hills). However, in close proximity to the lake, larger thermal 
variances were noted. As is shown in Figure 7.18 temperatures at 


the freezing level were noted to the south and southeast of the lakes. 
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Figure 7.18 


Minimum Temperature 


Traverse at Frog Lake 


May 23, 1969. 


Found in the southern portion of Frog Lake is not only the 
outlet stream but also a profusion of low marshy depressions. Con- 
sequently, the influence of-the cooler lake temperature at night is 
sufficient to cause an abundance of frost pockets in association with 
the lake regions. To the west of the lake, where higher land is found, 
temperatures well above freezing are noted. The cooler lake dar is 
unable to influence ‘euke minimum temperatures except in places where 


small rivers or streams dissect the western regions. A drop nf 32°C, is 
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noted in approaching a small creek which flows from the west into 

Frog Lake. Likewise, Sputinow, the Indian Reserve settlement, is 
affected to a lesser degree by the cooler lake air. This is again due 
to the higher elevation of the settlement. 

Consequently, unlike the warming influence of Lesser Slave Lake 
at night in August, the lakes in May, for example Frog Lake, exert 
cooling influences upon the surrounding lower land. The lakes thus 
have a substantial impact upon the surrounding minimum temperatures 
dependent upon the time of year. In the spring with the land unfrozen 
the lakes act as a coolant. But as the lake temperatures warm up by 
early fall, these bodies of water act as a heat source upon minimum 
temperatures. Likewise, the influence of muskeg was noted by the author 


as having definite cooling effects upon temperature - to the order of 10° F, 


Spring Creek Basin 


Spring Creek Basin was traversed between May 6th and May 10th, 
1969. The results for these days are noted previously in this Chapter 
as Figures 7.4, 7.5, 7.6 as indicative of the method of thermo dew-point 
recording. Consequently, little will be said here about the variational 
within this basin--the highlights have already been touched upon. The 
thermal spatial map appears in Figure 7.19 with mean daily temperature 
averages being presented. Uniformity in maximum temperatures and 
variability in minimum temperatures is able to account for minor fluctu- 
ations on a mean daily basis. Again, as with Frog Lake in May, proxi- 
mity to a water body--Spring Creek--is sufficient to produce noticeable 
cooling effects upon the temperature. Consequently, for the early 


portion of the summer months, cooling influences, not extending to a 
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reat distance, are typical of the water bodies and rivers within the 


study area. 


Hinton Area 


The last area of study by mobile thermo dew~point recording 
is the Hinton Area or better named the Athabasca River Valley. As 
is shown in Figure 7.20, three traverse routes were chosen and 


studied between September 3rd and 9th, 1969. 


Figure 7.20 


Traverse Routes in the Hinton Area 
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As an illustration of the thermal differences to be found at 
both maximum and minimum temperatures within the river valley, Figure 


7.21 shows the cross-sectional analysis. 
Figure 7.21 


Cross-Sectional View of the Thermal Differences in 
Response to Height Change 


September, 1969. 
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14-0 MAX. 
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* RIVER BANK location is 1.8 miles to the south of Hinton. 


Characteristic of the water bodies, cooler temperatures are again 
found in close proximity to the Athabasca River. At minimum temperatures 
a sharp decline in temperature from 5.5°C. to 1°C. is found in associa- 


tion with a height decrease of 400 feet. At maximum temperatures, the 
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mid-valley region portrays the warmest temperature with both the river 
and the top of the river bank at cooler temperatures. Since the 
observing station at Hinton is found in this mid-valley region, it is 
therefore warmer on a mean daily basis than the surrounding area beyond 
the river valley. Consequently, stations such as Hinton and Entrance 
will be treated as characteristic of river valley stations--not repre- 
sentative of larger areas. 

The macroclimatic thermal maps are again illustrated for the 
traverse routes in Figures 7.22 and 7.23. Utilizing Hinton as the 
base station, the subsequent differences in temperature are illustrated 


for both maximum and minimum temperatures. 


Conclusions 


One of the secondary objectives of this thesis was the evalua- 
tion of mobile thermo dew-point recording as a tool in the delineating 
of macroclimatic boundaries. In view of the results presented above 
there can be no doubt that the physical variations have a distinct 
influence upon the climatic structure which in turn affects 
the extent of the representativeness of the reporting stations. 

As a result, the guidelines of use of these traverses are outlined in a 
future chapter. Here it is sufficient to state that the mobile detec- 
tion of spatial thermal variances was able to help substantially in in- 
terpolation of the numerical results and in the author's understanding 


of the climatic interactions within the study region. 
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Figure 7,22 
Difference in minimum temperatures from 


the base station - Hinton 


Values in Cent. Degrees 


Figure 7.23 


Difference in maximum temperatures 


from the base station - Hinton 


Chapter 8 


Method of Statistical Analysis 


Subjective and/or objective evaluation are the two classifica- 
tion procedures available for grouping homogeneous climatic areas. 
Homogeneous is used here as meaning the area in which the stations 
exhibit the most similar climatic constancy. A built-in bias by the 
classifier is inherent in the subjective grouping of stations by 
clustering the data into predetermined classes. Consequently, since 
the input data lacks this initial subjectivity, objective classifica- 
tion became the technique thought best to determine similar climates 
directly from the raw input data. 

Several methods of statistical discrimination between values 
are available such as the use of--polynomials, simple linear regression, 
multiple regression, principal-component analysis, factor analysis, 
and multivariate discriminate analysis. The latter technique assumes 
a priori grouping of the station variables thereby demanding pre- 
defined class limits, not inherent in other statistical techniques. 
Newnham, previously noted in Chapter 2, offers a plausible solution-- 
principal-component analysis, with subsequent comparison of the 
plotted orthonormalized variables for 70 stations in British Columbia. 
Not unlike the theory of principal-component analysis, factor analysis 
was the technique chosen and utilized herein for statistical classif- 
ication given the host of input variables. 

Aiuteitlentatiyy factor analysis is a method of reducing large 
numbers of input indices to a smaller number of meaningfully signifi- 


cant indices. The basic model for principal-component analysis is 
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represented as: 


P 1 
@:=E wy 
kw, «dk & 


S58 way 2550s oO 
where Wa. represents the normalized eigenvectors and 7m represents the 
vector of standardized components. Differing somewhat, the factor 
analysis model is presadted as: 

m 


Path Win Meese es j= Se 
j =, jr or “5 J Aye) Ps; m- p 


represents the 


where Vix represents the normalized eigenvectors, a 


standardized factors and oe is the variance associated with each factor. 


In each of the above cases, 4; 


j is the standardized original variable. 


Insertion of the communalities at the beginning of the analysis into 
the correlation matrix (R) distinguishes the technique of factor 
analysis from the principal-component analysis. Subsequent extraction 
of the eigenvalues and eigenvectors ensues, thereby labelling the 
technique--principal axis factor analysis. No a priori grouping of 
the input data is needed. 

Communalities are the common variance accounted for by the 
factors. Each factor, in turn, involves an estimate of the variance 
associated with each variable. Eigenvalues are defined as the roots 
of the characteristic equation 

|A- AI] = 0 
where A is the correlation matrix, I is the identity matrix and 
XA is a scalar (eigenvalue). Associated with each eigenvalue will be 


solution vectors usually referred to as eigenvectors. 
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Data Input 


Compiled from the available climatic parameters, a list of 
the 75 variables, serving as input for the factor analysis, is outlined 
in Table 8.1. Mathematically, the raw input is represented by 


Xi ee ae 
: cite ay Bees ( 


where i is the number of stations varying from 1 to 53 and j is the 


number of variables per station varying from 1 to 75. 


Factor Analysis 


The first stage in the computational procedure is the calcula- 
tion of grand means for each of the 75 variables. Table 8.2 presents 
these values according to the formula 
es 
LPs gh PS 
where n is the number of cases or stations. Of particular interest is 
the mean frost-free period of 102 days as compared to the killing frost- 
free period of 131 days. This is an average mean difference of 29 days 
between the damage and the killing stage of frost in relationship to 


vegetational growth. 
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Table 8.1 


INPUT CLIMATIC VARIABLES FOR STATISTICAL ANALYSIS 


REFERENCE VARIABLE 


So oO Ss oso Wt te hw li 


WN NM YW NY YN NY NY NYY BP FP HP KP RP RP RP RP BP 
an ot oon Fe oNwe FP oe SoH aU EF ow FE S 


VARIABLE DESCRIPTION 


NUMBER 


Elevation in feet above mean sea level 
Latitude in degrees and minutes North 
Longitude in degrees and minutes West 
May Mean Daily Temperature in °F 

June Mean Daily Temperature in °F 

July Mean Daily Temperature in °F 

Aug Mean Daily Temperature in °F 

Sept Mean Daily Temperature in °F 

May Mean Total Precipitation 

June Mean Total Precipitation 

July Mean Total Precipitation 

Aug Mean Total Precipitation 

Sept Mean Total Precipitation 

May Mean Daily Maximum Temperature in °F 
June Mean Daily Maximum Temperature in °F 
July Mean Daily Maximum Temperature in °F 
Aug Mean Daily Maximum Temperature in °F 
Sept Mean Daily Maximum Temperature in °F 
May Mean Daily Minimum Temperature in °F 
June Mean Daily Minimum Temperature in °F 
July Mean Daily Minimum Temperature in °F 
Aug Mean Daily Minimum Temperature in °F 
Sept Mean Daily Minimum Temperature in °F 
May Mean Number of days above 32°F 

June Mean Number of days above 32°F 

July Mean Number of days above 32°F 

Aug Mean Number of days above 32°F 

Sept Mean Number of days above 32°F 

May Mean Number of days above 42°F 


June Mean Number of days above 42°F 
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NUMBERS VARIABLE DESCRIPTION 
A July Mean Number of days above 42°F 
32 Aug Mean Number of days above 42°F 
Kf Sept Mean Number of days above 42°F 
34 May Mean Number of days above 28°F 
35 June Mean Number of days above 28°F 
36 July Mean Number of days above 28°F 
37 Aug Mean Number of days above 28°F 
38 Sept Mean Number of days above 28°F 
39 May Degree-days above 28°F 
40 June Degree-days above 28°F 
41 July Degree-days above 28°F 
42 Aug Degree-days above 28°F 
43 Sept Degree-days above 28°F 
44 May Degree-days above 32°F 
45 June Degree-days above 32°F 
46 July Degree-days above 32°F 
47 Aug Degree-days above 32°F 
48 Sept Degree-days above 32°F 
49 May Degree-days above 42°F 
50 June Degree-days above 42°F 
51 July Degree-days above 42°F 
~y4 Aug Degree-days above 42°F 
a Sept Degree-days above 42°F 
54 May Potential Evapotranspiration in inches 
55 June Potential Evapotranspiration in inches 
56 July Potential Evapotranspiration in inches 
57 Aug Potential Evapotranspiration in inches 
58 Sept Potential Evapotranspiration in inches 
59 May Actual Evapotranspiration in inches 
60 June Actual Evapotranspiration in inches 
61 July Actual Evapotranspiration in inches 
62 Aug Actual Evapotranspiration in inches 
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REFERENCE VARIABLE 


VARIABLE DESCRIPTION 


NUMBER 
63 Sept Actual Evapotranspiration in inches 
64 May Water Deficit in inches 
65 June Water Deficit in inches 
66 July Water Deficit in inches 
67 Aug Water Deficit in inches 
68 Sept Water Deficit in inches 
69 May Mean Day length in hours and minutes 
70 June Mean Day length in hours and minutes 
72 July Mean Day length in hours and minutes 
72 Aug Mean Day length in hours and minutes 
fs Sept Mean Day length in hours and minutes 
74 Frost-Free Period in days 
75 Killing Frost-Free Period in days 
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STANDARD DEVIATIONS* 


Table 8.2 


GRAND MEANS* 


GRAND MEANS - STANDARD DEVIATIONS 


NUMBER 


VARIABLE REFERENCE 


2658.1 
54.4 
114.8 
47.7 
54.3 
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Table 8.2 continued 


VARIABLE REFERENCE STANDARD DEVIATIONS* 
NUMBER GRAND MEANS* (+) 
Al 959.6 69.2 
42 899.4 63.5 
43 609.2 49.1 
44 493.9 59.3 
45 674.4 61.9 
46 836.5 68.9 
47 Didue 63.5 
48 490.8 48.4 
49 216.5 49.0 
50 378.6 60.7 
51 529.8 68.1 
ae 467.7 63.8 
a 220.5 | 
54 2.8 0.1 
55 3.8 0.1 
56 Br] 0.1 
57 3.9 0.1 
58 ya 0.0 
59 2.8 0.1 
60 i 0.1 
61 3.6 0.4 
62 20 0.4 
63 1.6 0.2 
64 0.0 0.0 
65 1.0 0.7 
66 1.8 0.6 
67 Ls¥ 0.4 
68 1.3 0.3 
69 15.9 0.1 
70 17.0 0.2 
ae 16.4 0.1 
72 14.6 0.0 
73 12.5 0.0 
74 101.6 16.4 
75 131.3 12:3 


*for units of measurement refer to Table 8.1 
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The degree of variability of the station values from the above 


overall means are outlined in Table 8.2 according to the formula: 


where x, is the mean, as calculated above. Little variation in the 
frost-free days can be expected as indicated by the frost-free devia- 
tions of +16. 4 days as compared to the killing frost-free deviations 
of +12.3 days. 

Independent of the above means and standard deviations, the 
correlation coefficients represent the interrelationship between each 
pair of the 75 input variables. Normalization denotes each variable 
having a mean of zero and unit variance such that the resulting correla- 


tion coefficients lack units of measurement. Defined by the general 


formula: 

n —— —— 
Sine peer, ) Grease xa 

oe o=] i : 3 

1j 
m m 
Z (xar - %;)7 E (xey — xq)? 
o=] o=] 


the symmetrical matrix of correlation coefficients is shown in Table 
83. The technique followed here provides adjustment of the diagonal 
elements according to the following formula: 

a: Saco 1/r44 ee See. . acme 2) 
where ril are the diagonal elements of the inverse of Tig: 

Referring to Table 8.1 for the variable reference numbers and 
description and Table 8.3 for the intercorrelations of these variables, 
the amount of dependence of one variable upon another is noted. The 
order of each variable found within each row follows the same sequence 


order as noted in Table 8.1 increasing horizontally from variable 1 to 
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Table 8.3 


Correlation Coefficients of the Input Climatic Variables 


CIRRELATION COEFFICIENTS 


ROw 1 
1.09900 
0.55705 

-9.23228 
-0. 26198 
-9.69238 
-0.72993 
0.61171 
-0.17076 


ROW 2 
-C.16668 
0.22991 
9.19345 
0.26296 
-0.19025 
-9.09369 
0.07657 
0.99016 


ROW 3 
0.47090 
-0.02339 
-9.11367 
-0.18498 
-9.26598 
-0.31771 
0.06920 
0.21967 


ROW 4 
-9.71635 
-0.64101 

0.63588 
9.52519 
0.92689 
0.93793 
-0.58770 
-0.02130 


ROW 5 
-0.69576 
-0.69575 

0.67517 
0.55521 
0.97778 
9.97449 
-0.52752 
-0.05496 


ROW 6 
-9.64214 
-0.57364 

0.66118 
0.52716 
0.98673 
0.96557 
-9-48873 
-0.08660 


ROW 7 
-0.73624 
-0. 65646 

0.63752 
9.53678 
0.95618 
0.97725 
-0.55694 
-9.06868 


ROW 8 
-0.49173 
-0.467333 

0.53983 
0.41256 
0.79461 
0.80627 
-0.50407 
-0.2374T7 


Row 9 
0.70839 
0.53968 
-0.19021 
-0.18105 
0.45258 
-0.48753 

9.67843 
-0.13007 


ROW 10 
0.78947 
0.59585 
~-0.17530 
-0.17991 
-0.60278 
-0.62335 

0.72857 
-0.02312 


-0.16668 

9.76413 
-0.19450 
9224657 
~0.73414 
-0.73408 

0.57585 
-0.19503 


1.09000 
-0.28370 
0.22548 
0.25434 
-9.09525 
-0.11201 
-0.19753 
0.98625 


9223170 
0.084638 
-0.09866 
-0.13983 
-3.27964 
-0. 29512 
-0.02860 
0.29542 


-0.03402 
-0.63988 
0.59605 
9.53182 
0.94371 
0.93935 
-0.56501 
0.01197 


-0.06519 
-0.60517 
0.59897 
0.53926 
0.95889 
0.94908 
-0.54620 
-0.02061 


-0.19102 
-0.55488 
0.54840 
0.49294 
0.91876 
0.90459 
-0.59790 
-0.05839 


-0.08085 
-9.62272 
0.69636 
0.53214 
0.99769 
0.99117 
-9.53113 
-0.04277 


-0.23870 
-0.42631 
0.53689 
0.43534 
9.86175 
0.85105 
-0.38600 
-0.22409 


-0.15348 

0.62363 
-0.14681 
-0.15641 
-0.49831 
~0.51267 

0.54469 
-0.14292 


-9.03455 

0.77726 
-0.13919 
-0.18631 
-0.6456946 
~0.65037 

0.70881 
-0.05857 


(see Table 8.1 and the text) 


0.47990 
0.52333 
0.02319 
-0.00959 
-0.66583 
0.54964 
O.S5S797TT 
-9.2563¢ 


0.23170 
-0.25910 
0.17920 
0.22892 
-0.07962 
-0,.09304 
-0.28648 
0.94556 


1.000900 
-9.14985 
0.09952 
0.05919 
-0.0937T7 
-0.13490 
-0.05545 
0.16320 


-0.21112 
-0.41250 
0.46604 
0.46968 
0.95560 
0.95556 
“0.40428 
0.76434 


-0.2221¢9 
-9.28712 
0.44814 
0.44287 
0.93576 
0.93094 
-0.40633 
9.03089 


-0.21093 
-9.34668 
0.40055 
0.38526 
0.88592 
0.387362 
-0.39653 
-0.00297 


-0.27994 
~0.34836 
0.44601 
0.44477 
0.94915 
0.94933 
-0.41309 
0.00304 


-0.04569 
-0.289461 
0.52643 
0.45844 
0.88219 
0.86895 
-0.21616 
-0.18004 


0.32317 
0.41213 
0.03754 
0.02578 
-0.44120 
-0.45308 
0.59290 


-0.23175 | 


0.25352 
9.62915 
0.04785 
0.00195 
-0.63618 
-0.62322 
0.66910 
-0.13136 


-0.71635 
-0. 85388 
-0.96172 
©.09455 
-0. 73498 
-0. 70467 
0.11911 
-0.03447 


-0.03402 
-0.23705 
0.23909 
0.22465 
-0.01998 
-0.09059 
0.15252 
0.37934 


-0.21112 
-0.36619 
0.04655 
9.26470 
-0.24777 
-0.23°96? 
0.22958 
0.15064 


1.00000 
0.80462 
0.5064} 
0.38093 
0.99643 
0.90281 
0.33911 
0.33961 


0.96335 
0.79416 
0.45708 
0.32689 
0.95254 
0.81466 
0.25939 
0.30443 


0.90562 
0.76641 
0.39953 
9.28483 
0.88584 
0.74239 


. 0.20616 


0.24998 


0.94899 
0.81253 
0.40807 
0.25851 
0.95246 
9.81189 
0.23136 
0.27736 


0.82777 
0.67208 
0.36870 
0.27920 
0.82034 
0.68855 
0.28770 
0.25926 


-0.51859 
-0.60961 
-0.06043 

0.06367 
-0.53779 
~0.65138 

9.04310 
-0.03118 


-0.64881 
-0.76925 
-0.95476 

0.07057 
-0.65376 
~0.62754 

0.07850 
-0.03463 


-0.69576 
-0.82021 
0.01349 
0.32656 
-0.72192 
-0.79044 
-0-25176 
0.08334 


-0.06519 
-0.21758 
0.14444 
-0.25972 
-0.06070 
0.00966 
0.16733 
0.28655 


-0.22210 
0.372462 
0.12178 
0.26345 
~0.25544 
-0.20256 
-0.01012 
0.71238 


0.26335 
0.79874 
9.38645 
0.04240 
0.96912 
9.91448 
0.44421 
0.31574 


1.09099 
0.81688 
0.43394 
0.16994 
9.99444 
9.95245 
*.36055 
0.26632 


0.96992 
0.31083 
0.42843 
0.21343 
0.95095 
0.91312 
0.32750 
0.22975 


0.96199 
0.21881 
0.32869 
0.00556 
0.97638 
0.90299 
0.33341 
0.23564 


0.82389 
0.67916 
0.30402 
0.11997 
0.83460 
0.74645 
0.25310 
0.23996 


-0.45988 
-0.55981 
0.02159 
0.31456 
-0.47645 
-0-47661 
-0.39158 
0.10852 


-0.6387T 
-9.7526¢ 
-0.05921 

0.19420 
-0.65398 
-0.63533 
-0.25754 

0.07746 


-%264214 
~2.68589 
0.12595 
0.17501 
-0.70220 
-0. 72980 
-0.20951 


-0.19192 
-0.32362 
-0.02390 
-9~.10130 
-9.09653 
-0.09081 

0.02750 


-0. 21093 
-0.23186 
9.26977 
0.31710 
-9.27770 
-0.38590 
0.04156 


9.99562 
0.74752 
0.18662 
0.09222 
>.93035 
0.87175 
9.27447 


9.96992 
0.79307 
0.28072 
0.19703 
0.97789 
0.90997 
9.26591 


1.00900 
0.83246 
0.41236 
0.32909 
0.98228 
9-90748 
0.31261 


0.92180 
0.76627 
0.09705 
-0.00217 
9.96199 
9.92770 
0.29965 


9.77440 
0.63719 
O.11080 
0.04250 
0.79803 
9.74116 
0.26673 


-0.41585 
-0.44232 
0.08602 
0.12778 
0.45084 
-7 246655 
~0.30526 


-0.56476 
-0.63288 

0.04568 

7.03140 
-0.60868 
-0.55865 
-0.21108 


-0.73624 
-0.78612 
-9.17857 

0.19197 
-0.73523 
-0.73375 
-0.29519 


-0.08084 
-0.23518 

0.26947 
-0.13910 
-0.09451 
-0.07060 

9.23072 


-0.27994 
-0.39022 
-0.04140 

9.33178 
-0.28032 
9.31925 
-0.01032 


0.9%899 
0.76870 
0.43020 
0.13418 
0.94399 
0.87480 
0.33511 


0.96199 
0.77870 
0.42885 
0.19221 
C.95876 
0.87793 
0.35812 


0.92180 
0.75933 
0.44183 
0.29320 
0.91834 
0.84444 
0.33160 


1.00000 
9.82568 
0.39245 
0.0R681 
0.99769 
9.94466 
0.32478 


0.85238 
0.69977 
0.29151 
0.15117 
0.86113 
0.76254 
0.26258 


-0.50312 
-0.53952 
-0.07218 

0.19169 
-0.49985 
-0.53717 
-0.94331 


-0.64705 
-0.71396 
-0.14085 
-0.00833 
-0.64802 
-0.67933 
-0.38509 


-0.49173 
-0.69543 
-0.06391 
-6.03912 
-0.66454% 
-0.51339 

0.20798 


-0.23870 
-0.36837 

0.29011 

0.13119 
-0.08110 
-0.14789 
-0.09446 


-0.045459 
-0.18886 
9.05446 
0.01901 
-0.09633 
9.06845 
0.91226 


O.A27TT 
9.70889 
0.44492 
0.45590 
0.954577 
0.74310 
-9.22720 


0.82380 
0.71593 
0.40593 
0.42199 
9.93596 
9.69091 
-0.16912 


0.77440 
9.68912 
0.37034 
0.41564 
0.88699 
9.6109) 
-0.14309 


0.25238 
0.75836 
0.38346 
0.42080 
0.95012 
0.71879 
-0.12974% 


1.00000 
0.71483 
0.37053 
0.42454 
0.88225 
0.71960 
-0.20712 


-0.30263 
-0.50836 
-0.03347 

0.03886 
-0.44158 
-0.39858 

0.02141 


-0.47353 
-0. 74134 
-0.03635 
0.02905 
-%.63423 
-0.63656 
0.00463 


9.70839 
-0.03520 
-0.09574 
-0.73130 
-0.71980 
0.72972 
-0.19334 


-0.15348 
0.24253 
0.23277 

-G.02381 

-9.02390 

-9.10418 
0.98543 


0.32317 
9.12289 
0.03743 
-0.23737 
-0.29014 
-0.26128 
0.21948 


-0.51859 
0.58093 
0.59633 
0.99778 
0.98225 
0.89689 
0.01409 


-9.45988 
0.52732 
0.54170 
0.95561 
0.93607 
©.81187 

-0.01756 


-0-41585 
9.46387 
0.46075 
0.89096 
0.96353 
0.74167 

-0.05489 


-0.50312 
0.48224 
0.52095 
0.95223 
0.94596 
0.81033 

-0.04427 


-0. 30263 
0.46454 
0.49438 
0.82327 
0.79974 
0.68023 

-0.21983 


1.00000 
-0.05148 
-0.08937 
-0.53350 
-0.54884 
-0.66883 
-0.15502 


0.66556 
-0.94140 
-0.08045 
-0.65448 
-0.63717 
-0.64787 
-0.07371 
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0.78947 
-0.11612 
-0.26778 
-0.71702 
-0. 74430 

0.13263 
-0. 16072 


-0.03455 
0.14543 
0.17018 

-0.06331 

-0.05957 

-0.02620 
0.95794 


0.25352 
-0.00384 
-0.17256 
-C.24949 
-0.28820 

0.02900 

0.19585 


-0.64881 
0.60799 
9.63564 
0.96838 
0.97263 

~0.19895 

-0.04586 


-0.63877 
0.64055 
0.64189 
0.99587 
9.98470 

-0. 08228 

-0.07841 


-0.56476 
0.59069 
0.57737 
0.95443 
0.93371 

-0.03778 

-0.10875 


-0.64705 
0.57930. 
0.61076 
0.97440 
0.98169 

-9.10135 

-0.08375 


-0.47353 
0.53524 
0.51562 
0.83329 
0.83057 

-0.05C35 

-0. 23607 


0.66556 
~0.07200 
-0.16757 
-0.47280 
—0.51121 

0.52088 
-0.13078 


1.00000 
-0.11399 
-0.20256 
-0.65235 
-0.66789 

0. 32584 

0.01932 
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Row 11 
0.55705 
1.99000 

-9.18075 
-0.09695 
-0.58298 
-0.59195 
0.79391 
0.24212 


ROW 12 
0.76413 
9.64523 
-0.23790 
-C.21071 
9.57946 
-9.596091 

0.63577 
-0.26478 


ROW 13 
9.52333 
0.42617 

-0.97987 
9.04860 
-9.35324 
-0. 34325 
0.59167 
-0.24098 


ROW 14 
-0.85388 
-0.7064N 

9.15302 
9.13195 
0.80073 
C.82081 
-0.66888 
-0.24054 


ROW 15 
-0.82021 
-0.68642 

0.17400 
9.13872 
0.83338 
0.84269 
-0.63946 
-0.21789 


ROW 16 
-0.68580 
-2.62214 

9.18181 
9.12121 
9.82868 
0.81795 
-0.57219 
-0. 31733 


ROW 17 
-0. 78612 
-C. 70560 
0.13095 
0.19013 
0.80151 
0.87675 
-0.63147 
-0.28322 


ROW 18 
-0.69543 
-0.74261 

0.07425 
0.07157 
9.77546 
7274244 
-0.67757 
—0.37304 


ROW 19 
-0.93520 
-0.09968 

0.97573 
0.71255 
0.44953 
0.44585 
-9.08677 
0.75901 


ROW 20 
-0.11612 
-0.13034 

0.95733 
0.79759 
0.57181 
0.56076 
-0.99615 
0.16395 


ROW 21 
-%.23228 
-0.18075 

1.09000 
0.83217 
9.63838 
9.62804 
-0.16744 
0.21046 


9.22901 
0.64523 
-0.15605 
-0.10380 
-% 264455 
-0.43616 
0.66358 
0.22209 


-0.28370 

1.09000 
-0.20624 
-0.19112 
-0.62095 
-0.61712 

0.86440 
-0.31316 


-0.25910 
9.66575 
-0.03340 
0.92593 
-%.34601 
-0.34889 
0.59614 
-0.26152 


-0.23705 
-9.68359 
QO.07T47 
9.99483 
0.81733 
9.82194 
-0.59244 
-9.209890 


0.21758 
-0.68327 
9.08025 
0.08956 
0.87459 
0.82666 
-9.60090 
-0.18518 


-9.32362 
-0.55637 
0.05395 
0.05451 
©.77252 
0.7A073 
-9.49986 
-0.28880 


-9.28518 
—9. 62636 
0.96405 
0.05312 
0.83327 
0.83820 
-0.54117 
-9.25706 


-0 236837 
-0.59113 
0.91530 
-6.00095 
0.76817 
0.77114 
-0. 56768 
-0.34551 


0.24253 
-%.135h4 
0.90767 
0.75797 
0.46602 
9.47054 
-9.12588 
0.28035 


9.14543 
-0.13945 
0.94742 
0.87812 
0.56538 
0.54703 
-0.12933 
0.17805 


0.19345 
-9.23790 
0.96373 
0.84755 
0.62145 
0.62668 
-0.27202 
9.22171 


-0.02339 
0.42617 
-0.05903 
-0.06 268 
-0.69457 
-0.66177 
0.54457 
0.14819 


0.08438 
9.66575 
-0.01288 
-0. 0366 
-0.65115 
-0.63198 
0.75735 
0.39443 


-0.14985 
1.00000 
0.04576 
©. 00586 

-0.41864 

-9.38939 
0.76949 

-C.29675 


-0.36619 
-0.46749 
-0.99583 
-0.09077 
0.77526 
0.75585 
-0. 53399 
-9. 13891 


-0.30242 
-0.47426 
-9.09005 
-0.08913 
9.78144 
0.75756 
-0. 55055 
-O.11R21 


-0.23184 
-0.40128 
-0.08197 
9.10410 

0.73150 

0.71268 
-0.46904 
-0.22357 


-0.300922 
-9.40763 
-9.08885 
-0.10194 
0.76889 
274855 
-0.50715 
-0. 19661 


-0.18886 
-0.45634 
-0.11952 
-0.118277 

0.74558 

0.71953 
-9.53595 
-0.29027 


0.12289 
-0.05052 
0.92946 
0.92428 
0.53807 
0.58534 
0.06420 
0.27661 


-0,00384 
-0.04252 
0.90932 
0.90070 
0.57652 
0.62449 


0.03868 . 


0.18924 


-0.11367 
-0.07997 
0.87104 
0.87971 
9.60760 
0.65872 
-0.04572 
0.23762 


-0.64101 
-9.70640 
-9.05889 
-0.02548 
—0.453444 
-0.65626 

0.01317 
-0.02351 


-0.63988 
-0.68359 
-0.10037 
-0.01257 
-0.63767 
-0.60366 
-0.00583 
-0.11611 


-0.41260 
-0.467%49 
-0.00137 

9.95448 
-0.40209 
-0.38737 
-0.07076 

0.02816 


0. 80462 
1.00000 
-0.01460 
-0.11870 
0.80306 
0.77641 
-0.09730 
-0.14774 


0.79874 
0.98572 
-0.01466 
-0. 10363 
9.79027 
0.73430 
-0.C9485 
-0.14775 


0.74757 
9.97512 
-0.00083 
-9.05847 
0.72658 
0.67441 
-0.97352 
-%.16128 


0. 76870 
0.97109 
-0.04167 
-9.12623 
9. 76952 
0.71525 
-9.09598 
-0.17863 


0.70889 
9.92575 
-0.19829 
-0. 18837 
CQ. 70307 
0.67584 
-0.11147 
-0.22067 


0.58093 
-0.900687 
0.88677 
9.80762 
0.57904 
0.48593 
0.74071 
0.78654 


0.60799 
0.07592 
0.83514 
0.71847 
0.60282 
0.46860 
0.60472 
0.74843 


0.63588 
0.15392 
0.77599 
0.62349 
0.63352 
0.50988 
0.55734 
0.72056 


-0.60575 
-0.6°64? 
-0.02900 

0.10982 
-0.69834 
-0.59838 
-0.29171 

©.07986 


-0.60617 
-0.6°327 

0.00485 

O.34477 
-0.61146 
-0.66362 
-0.33689 
-0.02877 


-0.38712 
-9.47426 
0.05656 
0.99164 
-0. 38663 
-0.43004 
-0.15460 
0.06781 


0.79416 
0.98572 
-0.03375 
-O.15117 
9.80449 
0.75850 
0.25667 
-0.18706 


0.81688 
1.90000 
-0.00132 
-0.99571 
O.81786 
O.77726 
0.73644 
-9.17288 


0.79307 
0.96311 
0.07265 
9.08348 
0.77729 
0.73P45 
6.21279 
-9.1%688 


0.77870 
0.97500 
-€.04122 
-0.10578 
9.79424 
9.719380 
0.221274 
-0.19521 


0.71593 
0.92369 
-O.99T711 
-0.09726 
0.72769 
0.64149 
“214567 
-0.25569 


0.52732 
0.70002 
0.69846 
2.27850 
0.52120 
0.49896 
0.41286 
0.79765 


0.64055 
0.99298 
0.76812 
0.43165 
0.62885 
0.61604 
0.32665 
0.71479 


0.67517 
0.17490 
0. 70000 
0.22737 
0.66053 
0.65512 
0.35150 
0.64083 


-0.57364% 
-9.62214 
-0.03636 
-9.04733 
-0.58611 
-7.58826 
-0. 31566 


-0.55488 
-0.55637 

0.04294 

0.05052 
-0.58458 
-9.58706 
-0.22130 


-0.34668 
-9.40128 
-9.09943 
-0.18290 
-0. 35196 
-3.39278 
-0.24629 


9.76641 
0.92512 
0.00948 
-0.91419 
C.80528 
0.77798 
0.26174 


0.81083 
9.96311 
0.09385 
9.06625 
0.83522 
9.7°160 
Q.277RT 


9.93246 
1.000900 
0.27214 
0.22978 
9.82467 
9.75395 
0.39844 


9.75933 
9.93512 
=9'.91335 
-0.95430 
9.89702 
0.78020 
0.2°113 


9.68912 
0.87988 
-0.03505 
-0.97156 
0.72927 
9.67601 
0.73757 


0.46387 
0.0C501 
0.30705 
0.17793 
9.44RA6 
9.38109 
0.13678 


0.59969 
9.11162 
9.37161 
0.25866 
9.56917 
0.59035 
0.12881 


0.66118 
0.181861 
0.38805 
0.27394 
0.62553 
0.57817 
9.23167 


~0- 65646 
-0.70560 
-0.03523 
-0.09613 
9.64457 
~0.67606 
-0.24511 


-0.62272 
-0.62536 
-0.16044 
-0.07629 
-0.62189 
-0.66981 
0.43183 


—2-34A36 
-2.40763 
0.02518 
-0.07657 
—1234704 
-0. 33673 
-0.42R07 


9.81253 
0.97109 
0.04931 
-9.00433 
0.81794 
9.78388 
0.74187 


0.681881 
9.97500 
0.97550 
9.07825 
0.82502 
0.78650 
0.25957 


9.76627 
2.93512 
0.10509 
0.24160 
0.77274 
9.71107 
0.19938 


0.82568 
1.00000 
0.02263 
9.01913 
0.83363 
0.78596 
0.19074 


0.75836 
9.94515 
-0.05913 
0.05379 
0.76853 
9.74995 
9.75475 


048224 
-3.02691 
0.64820 
0.24532 
9.46604 
0.39857 
0.21623 


0.57930 
9.06612 
9.64287 
0.25011 
0.56506 
0.47865 
0.25314 


0.63752 
0.139095 
0.65166 
0.23100 
0.62131 
0.57313 
9.29665 


-0.67333 
-0.74261 
-C.05717 
-0.10745 
0.692246 
-0.71230 

0.03371 


-0.42631 
-9.59113 
-0.12210 
-0.04795 
- 0.64930 
-0.55912 
C.15870 


-0.28041 
-0.45534 
9.0411! 
0.16306 
-0.4164R 
-9.40649 
9.18401 


0.67208 
9.92575 
-0.06507 
-0.00144 
0.77373 
9.62028 
0.15646 


0.67016 
0.92369 
-0.95936 
0.01085 
0.77955 
9.61069 
-0.12243 


9.63719 
9.87988 
-9.95175 
9.053274 
0.73022 
0.55347 
-0.11537 


0.69977 
0.94516 
-0.09039 
0.09384 
0.76770 
9.61593 
-9.07611 


9.71483 
1.009090 
-0.15071 
-0.07492 
0.74341 
0.68708 
-0.94547 


0-46454 
-0.06926 
0.84311 
0.76914 
0.54336 
0.41890 
-0.17397 


0.53524 
0.02381 
0.79994 
0.72864 
0.58154 
0.40836 
-0.12137 


0.53983 
0.07425 
0.77511 
0.70061 
0.61240 
0.41009 
-0.11859 


0.53968 
-0.09968 
-0.11152 
-0.63950 
-0.60260 
-0.66990 

0.22428 


0.62363 
-0.13564 
-0.15838 
-0.63965 
-0.61375 
-0.61481 
-0.31895 


0-41213 
-0.095C52 
-0.96023 
-0.40595 
-0.36266 
-0.39151 
-0.28211 


-0.60961 
-0.00687 
0.03040 
0.80451 
9.77586 
0.80140 
-0.20515 


-0.55981 
©.00002 
0.02487 
0.79332 
9.75883 
0.75783 

-0.18113 


-0.44232 
9.00601 
-0.0N0087 
0.73172 
0.69672 
0.69527 
-0.28175 


-0.53952 
-0.02691 
0.00722 
O.77C57 
9.74516 
0.73794 
-%.25522 


-0.50836 
-0.06926 
-0.92053 
0. 70639 
0.67249 
0.69839 
-0. 34231 


-0.05148 
1.90000 
0.97238 
0.57789 
9.60801 
9.43970 
0.28290 


-0.07200 
0.92824 
0.91795 
0.60237 
0.63400 
0.43101 
0.18156 


» 0.19021 
0.87573 
0.87677 
0.63239 
0.66931 
0.47578 
0.22551 


0.59585 
-0.13034% 
-0.15592 
-0.60765 
-0.61199 

0.24527 

0.25524 


0.77726 
-0.13945 
-0.22741 
-0.61014 
-0.62848 

0.22080 
-0.19372 


0.62915 
-0.94252 
-0.00540 
-0. 38752 
-0. 38865 

0.19421 
-0.23365 


-0.76925 
0.0759? 
0. 18330 
0.80292 
0.81918 

-9.15801 

-0. 25595 


-0. 75264 
C.09298 
0.17901 
0.81782 
9.82635 

-0.11736 

-0.73843 


-0.63288 
0.11162 
0.15539 
0.78914 
0.77930 

-0.09240 

-0. 33861 


-0.71396 
0.06612 
0.14379 
0.792720 
0.80832 

-0.13115 

-0. 29892 
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-0.74134 


0.02381 
0.07946 
0.72685 
0.73639 
-0.16773 
- 0.38000 


-0.04140 
0.92824 
0.83180 
0.52213 
0.52153 

-0.17077 
0.25010 


-0.11399 
1.00000 
0.89602 
0.63129 
0.61753 

-0.04185 
0.15142 


-0.17530 
0.95733 
0.88446 
0.66272 
0.65987 

-0.060N9 
0.20477 
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ROW 22 
-0.19450 
-0.15609 

0.96373 
0. 82549 
0.54749 
0.55684 
-0.12078 
0.24487 


ROW 23 
0.02319 
-0.05903 
0.87104 
0.71131 
0.38922 
0.38938 
-0.00105 
0.20221 


ROW 24 
-0.06172 
-0.05889 

0.77599 
0.83568 
0.38770 
0.38742 
-0.10531 
0.27408 


ROW 25 
0.01349 
-0.02900 
0.70000 
0.81897 
0.38928 
0.35556 
-0.07376 
0.17255 


ROW 26 
0.12595 
-0.03636 
0.38805 
0.31191 
0.31005 
0.21577 
-0.08366 
-0.00374 


ROW 27 
-0.17867 
-0.03523 

0.65166 
0.81426 
0.42848 
0.41411 
-0.10247 
0.31411 


ROW 28 
~0.06391 
-0.05717 

0.77511 
0.86229 
0.35829 
0.35614 
-0.07795 
0.32630 


ROW 29 
-0.09574 
-0.11152 

0.87677 
0.69025 
0.46055 
0.46972 
-0.08296 
0.25215 


ROW 39 
-0.26778 
-0.15592 

0.88446 
0.93887 
0.57529 
0.58418 
-0.12534 
0.18900 


ROW 31 
-0.26198 
-0.09695 

0.83217 
1.00000 
0.52247 
0.52702 
-0.08518 
0.27913 


ROW 32 
-0.24657 
-0.10380 

0.84755 
0.97595 
0.49300 
0.50163 
-0.09573 
0.27778 


0.22548 
-0.20624 
1.00000 
0.87694 
0.59087 
0.59383 
-0.14874 
0.25273 


0.17920 
-0.01288 
0.92859 
0.78176 
0.43049 
0.42987 
0.01827 
0.19994 


0.23909 
-0.10037 
0.80206 
0.96186 
0.38766 
0.39562 
-0.07713 
0.27408 


0.14444 
-0.00485 
0.65056 
0.78877 
0.31125 
0.31112 
-0.02707 
0.16739 


-0.02390 
0.04294 
0.19577 
0.23756 
0.08610 
0.08699 

-0.96157 

-0.01768 


0.26947 
—0.1604%4 
0.65783 
0.81509 
0.37805 
0.36894 
-0.07625 
0.29739 


0.29011 
-0.12210 
0.82058 
0.89422 
0.36610 
0.36874 
-0.06086 
0.32275 


0.23277 
-0.15838 
0.92632 
0.76096 
0.59746 
0.51093 
-0.12994 
0.27071 


0.17018 
-0.22741 
0.89890 
0.95276 
0.59526 
0.60124 
-0.16005 
0.20498 


0.26296 
-0.21071 
0.82549 
0.97595 
0.51980 
0.52365 
-0.13096 
0.28127 


0.25434 
-0.19112 
0.87694 
1.99000 
0.51399 
0.51316 
-0.12337 
0.28014 


~0.09866 
-0.03340 
0.92859 
0.94614 
0.58851 
0.64202 
0.00682 
0.25217 


0.09952 
0.04576 
1.90900 
0.95360 
0.48563 
0.52755 
0.19423 
0.19352 


0.04655 
-0.00137 
0.80193 
0.81086 
0.42320 
0.46739 
0.09520 
0.24707 


0.12178 
0.05656 
0.66163 
0.62009 
0.32247 
0.34717 
0.10949 
0.14048 


0.26972 
-9.09943 
0.24398 
0.17711 
0.13811 
0.13039 
0.01780 
0.00308 


-0.04140 
0.02518 
0.61736 
0.59554 
0.37773 
0.39172 
0.02833 
0.27511 


0.06446 
0.04111 
0.84025 
0.83058 
0.42240 
0.45669 
0.12638 
0, 30837 


0.03743 
-0.06023 
0.92042 
0.94331 
0.57197 
0.62146 
0.04645 
0.27419 


-0.17256 
-0.00540 
0.8s08ll 
0.84802 
0.58R00 
0. 63490 
0.02855 
0.19222 


-0.18498 
0.04860 
0.71131 
0.74748 
0.48206 
0.52265 


0.03086 ~ 


0.25728 


-0.18083 
0.02593 
0.78176 
0.82560 
0.49996 
0.53971 
0.04598 
0.25812 


0.59605 
0.07767 
0.80206 
0.64741 
0.60388 
0.46349 
0.58410 
0.76362 


0.46604 
-0.09583 
0.89193 
0.71699 
0.46886 
0.32557 
0.66728 
0.77170 


0.50641 
-0.01460 
1.00000 
0.93280 
0.51033 
0.44554 
0.44977 
0.88887 


0.38645 
-0.03375 
0.85973 
0.86452 
0.37469 
0.27791 
0.24362 
0.82813 


0.18662 
0.00948 
0.35732 
0.43912 
0.14051 
0.10616 
0.15152 
0.30819 


0.43020 
0.04931 
0.80851 
0.77944 
0.42769 
0.30939 
0.18315 
0.81736 


0.44402 
-0.06507 
0.93515 
0.89056 
0.44798 
0.33867 
0.40901 
0.92941 


0.59633 
0.03040 
0.81238 
0.69015 
0.60203 
0.49266 
0.73355 
0.72920 


0.63564 
0.18330 
9.87721 
0.74176 
264317 
0.50707 
0.35338 
0.80689 


0.52519 
0.13195 
0. 83568 
0.71341 
0.53421 
0.40546 
0.20668 
0.82771 


0.53182 
0.09483 
0. 86186 
0.72235 
0.54350 
0.40772 
0.27529 
0.85358 


0.59897 
0.08025 
0.65056 
0.16757 
0.60171 
0.58221 
0.30158 
0.71214 


0.44814 
-0.09005 
0.66163 
0.29530 
0.44864 
0.40880 
0.25093 
0.77389 


0.45708 
-0.91466 
0.85973 
0.34597 
0.45432 
0.41324 
0.32811 
0.89985 


0.43394 
-0.07132 
1.00000 
0.62705 
0.41078 
0.39745 
0.26582 
0.79748 


0.28072 
0.09385 
0.61447 
0.49254 
0.21149 
0.277192 
0.18715 
0.33374 


0.42885 
0.07550 
0.81293 
0.23177 
0.42049 
0.38714 
0.16709 
0.77880 


0.40503 
-0.°95936 
0.84370 
0.26092 
0.40312 
0.37455 
0.26809 
0.92635 


0.54170 
0.02487 
0.59375 
0.17194 
0.54604 
0.50103 
0.36830 
0.71850 


0.64189 
Q.17901 
0.77985 
0.22993 
0.64044 
0.60123 
0.26665 
0.76644 


0.55521 
0.13872 
0.81897 
0.21437 
0.55153 
0.51648 
0.24636 
0.74735 


0.53926 
0.08956 
0.78877 
0.16908 
0.54213 
0.469651 
0.22301 
0.77738 


0.54840 
0.05395 
0.19577 
0.07342 
0.54989 
0.51879 
0.15928 


0.40055 
~0.08197 
0.24398 
0.12250 
0.38943 
0.34355 
0.10481 


0.39953 
-0.00083 
0.35732 
0.17953 
0.38800 
9.31714 
0.16669 


0.42843 
0.07265 
0.61447 
0.44971 
0.38185 
0.29027 
0.13871 


0.41236 
0.27214 
1.00000 
0.94982 
9.28676 
0.15660 
0.26081 


0.44183 
0.10500 
0.42659 
0.22452 
0.42653 
0.38753 
0.12852 


0.37034 
-0.05175 
0.34538 
0.16233 
0.35840 
0.31544 
0.11569 


0.46075 
-0.00087 
0.16876 
0.06032 
9.46308 
0.40884 
0.06799 


0.57737 
0.15539 
0.24844 
0.09943 
0.57741 
0.52342 
0.11187 


0.52716 
0.12121 
0.31191 
0.13546 
0.52380 
0.47961 
0.14546 


0.49294 
0.05451 
0.23756 
0.07673 
0.49584 
0.45522 
0.11463 


0.60636 
0.06405 
0.65783 
0.13773 
0.59082 
0.56464 
0.27452 


0.44601 
-0.08885 
0.61736 
0.19057 
0.43002 
0.36179 
0.16757 


0.40807 
-0.04167 
0.80851 
0.26828 
0.38776 
0.30342 
0.19426 


0.32869 
-0.04122 
0.81293 
0.45577 
0.31077 
0.20359 
0.13247 


0.09705 
-0.01335 
0.42659 
0.71880 
0.08522 
-0.00329 
0.11202 


0.39245 
0.02263 
1.00000 
0.47423 
0.37774 
0.34647 
0.20158 


0.38346 
-0.09039 
0.87198 
0.31763 
0.36607 
0.32560 
0.19392 


0.52095 
0.00722 
0.55922 
0.10881 
0.50764 
0.46107 
0.22883 


0.61076 
0.14379 
0.73869 
0.13666 
0.59541 
0.54069 
0.26830 


0.53678 
0.10013 
0.81426 
0.17569 
0.51980 
0.48098 
0.26850 


0.53214 
0.05312 
0.81509 
0.13408 
0.51399 
0.49671 
0.30729 


0.53689 
0.01530 
0.82058 
0.74564 
0.59333 
0.42126 
-0.12452 


0.52643 
-0.11952 
0.84025 
0.79159 
0.49006 
0.35808 
~0.15776 


0.36870 
-0.10829 
0.93515 
0.86270 
0.42795 
0.292768 
-0.18066 


0.30402 
-0.09711 
0.84370 
0.77377 
0.32542 
0.18260 
-0.01542 


0.11080 
-0.03505 
0.34538 
0.34034 
0.13823 
0.00631 
-0.07595 


0.29151 
-0.05913 
0.87198 
0.81874 
0.37969 
0.18612 
0.12374 


0.37053 
-0.15071 
1.00000 
0.91370 
0.42590 
0.29802 
-0.13137 


0.49438 
~0.02053 
0.78099 
0.70048 
0.57721 
0.46599 
-0.16229 


0.51562 
0.07946 
0.86320 
0.79444 
0.59148 
0.40930 
-0.16409 


0.41256 
0.02157 
0.86229 
0.78957 
0.48464 
0.28775 
-0.07515 


0.43534 
-0.00095 
0.89422 
0.81310 
0.502766 
0.33145 
-0.10013 


-0.14681 
0.90767 
0.92632 
0.60021 
0.64521 
0.42668 
0.25115 


0.03754 
0.92046 
0.92042 
0.46661 
0.50080 
0.28032 
0.20222 


-0.06043 
0.88677 
0.81238 
0.50693 
0.53998 
0.42417 
0.26775 


0.02159 
0.69846 
0.59375 
0.37590 
0.39136 
0.26882 
0.16714 


0.08602 
0.30705 
0.16826 
0.15163 
0.12089 
0.09853 
0.00818 


-0.07218 
0.64820 
0.55922 
0.42618 
0.43693 
0.30463 
9.28727 


-0.03347 
0.84311 
0.78099 
0.44509 
0.47511 
0.31740 
0.31610 


-0.08937 
0.97238 
1.00000 
0.59912 
0.63489 
0.44573 
0.27193 


-0.16757 
0.83180 
0.83312 
0.63874 
0.67624 
0.49229 
0.19623 


-0.18105 
0.71255 
0.69025 
0.52956 
0.56818 
0.39995 
0.27022 


.-0.15641 


0.76797 
0.76096 
0.53852 
0.57700 
0.39712 
0.26800 
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-0.13919 
0.94742 
0.89890 
0.60104 
0.60841 

0.04844 
0.24169 


0.04785 
0.90932 
0.80811 
0.44850 
0.44617 
-0.03242 
0.19835 


-0.05476 
0.83514 
0.87721 
0.45460 
0.45548 

-0.09168 
0.25959 


-0.05921 
0.76812 
0.77985 
0.41489 
0.38570 
0.03753 
0.14626 


0.04568 
0.37161 
0.24844 
0.22369 
0.17142 
0.00865 
-0.01030 


-0.14085 
0.64287 
0.73869 
0.42172 
0.41219 
0.04881 
0.27642 


-0.03635 
0.79994 
0.86320 
0.40318 
0.40536 

-0.01702 
0.30276 


-0.08045 
0.91795 
0.83312 
0.54527 
0.55121 

-0. 16573 
0.23784 


-0.20256 
0.89602 
1.00000 
0.64034 
0.64555 
0.03409 
0.17634 


-0.17991 
0.79759 
0.93887 
0.55158 
0.55545 
0.08406 
0.27022 


-0. 18631 
0.82812 
0.95276 
0.54124 
0.54528 
0.05730 
0.26983 


fi 


a 


7 oa nl 
aanro.e- 


> 


ted 


rf 


2 > 
> & 


>. > 4 
g 
* 


ROW 33 
-0.00959 
-0.06268 

0.87971 
0.74748 
0.37362 
0.37711 
-0.01020 
0.25320 


ROW 34 
0.09455 
-0.02548 
0.62349 
0.71341 
0.25948 
0.24272 
0.04374 
0.26165 


ROW 35 
0.32656 
0.10982 
0.28737 
0.21437 
0.15102 
0.08288 
0.12468 

-0.24726 


ROW 36 
0.17591 
-0.04733 
0.27394 
0.13546 
0.21466 
0.10955 
-0.08300 
-0.09545 


ROW 37 
0.19197 
-0.09613 
0.23100 
0.17569 
9.21798 
0.14579 
-0.13692 
-0.19453 


ROW 38 
-0.03912 
-0.10745 

0.70061 
0.78957 
0.40044 
0.39774 
-0.04164 
0.17218 


ROW 39 
-0.73130 
-0.63950 

0.63239 
0.57956 
0.91978 
0.936654 
-0. 58435 
-0.00918 


ROW 40 
-0.71702 
-0.60765 

0.65272 
0.55158 
0.97596 
0.98064 
-0.52837 
-0.05167 


ROW 41 
-0.69238 
-0.58298 

0.63838 
0.52247 
1.90000€ 
0.99297 
-0.49460 
0.08348 


ROW 42 
-0. 73414 
-0. 644655 
0.62145 
0.51980 
0.95758 
0.97872 
-0.54574 
-0.08317 


ROW 43 
-0.66583 
-0.69457 

0.60760 
0.48206 
0.91058 
0.91883 
-0.55650 
-0.97020 


0.22892 
-0.98366 
0.94614 
0.82560 
0.42851 
0.43073 
-0.05855 
0.26114 


0.22465 
~0.01257 
0.64741 
9.72235 
0.24004 
0.24116 
-9.01263 
0.25631 


-0.25972 
0.34477 
0.16757 
0.16908 
0.07372 
0.00390 
0.22684 

-0.25446 


~0.10130 
0.05052 
0.07342 
0.07673 
-0.01151 
-0.01120 
-0.08732 
-0.10163 


~6.13910 
~0.02629 
213773 
0.13408 
0.98362 
0.08920 
-0.10666 
~O.11761 


0.13119 
~0.04795 
0.74564 
0.81310 
0.39914 
0.39497 
-0.01939 
0.16079 


-0.92381 
-0.63965 
0.60021 
0.53852 
9.94639 
0.94259 
-0.56303 
0.92181 


-0.06331 
-0.61014 
0.60104 
0.54124 
0.97308 
0.96259 
-0-53622 
-0.91907 


-9.19925 
-0.57946 
0.54749 
0.49300 
9.95758 
0.94191 
-0.5°798 
-0.05756 


-0.09525 
-0.62095 
0.59087 
0.51399 
1.09000 
0.99288 
-0.51762 
-0.05712 


-0.97962 
-0.65115 
0.58851 
0.49996 
0.95060 
0.94028 
-0.55672 
-0.03808 


0.05919 
0.00586 
0.95360 
1.00000 
0.49311 
0.54314 
0.13983 
0.24690 


0.26420 
0.05448 
0.71699 
0.69545 
0.31835 
0.34216 
0.15048 
0. 21086 


0.26346 
0.08164 
0.29530 
0.17344 
0.01787 
0.02121 
0.24442 
-0.26838 


0.31710 
-0.18290 
0.12250 
0.98659 
0.07436 
0.06329 
-0.01385 
-0.07107 


0.33178 
-0.07657 
0.19957 
0.13010 
0.13763 
0.13364 
-0.00834 
-0. 12340 


9.01001 
0.16306 
0.79159 
0.76111 
0.44954 
0.46560 
0.19595 
0.14092 


-0.23737 
-0.40595 
0.46661 
0.47334 
0.95172 
0.95324 
-0.39829 
0.07538 


-0.24949 
-0.38752 
0.44850 
0. 44325 
0.94254 
0.93786 
-0.40787 
0.03169 


-0.26598 
-0.35324 
0.38922 
0.37362 
0.91058 
0.89640 
0.39999 
-0. 00342 


-0.27964 
-0.34601 
0.43049 
0.42851 
0.95060 
0.94908 


-0.40527. 


-0.01N7T2 


-0.09377 
-0.41 864 
0.485463 
9.49311 
1.00000 
0.98654 
-0.39133 
0.02077 


0.46968 
-0.09077 
0.81086 
0.69545 
0.47649 
0.34420 
0.65430 
0.79236 


0.38093 
-0.11870 
0.93280 
1.00000 
0.37347 
0.32384 
0.39494 
0. 86320 


0.04240 
-0.15117 
0.34587 
9.42658 
0.00510 
-0.02473 
0.15394 
0.22705 


0.09222 
-0.01419 
0.17953 
0.26953 
0.03867 
0.04367 
0.12722 
9.15428 


0.13418 
-0.00433 
0.26828 
0.39716 
0.08463 
0.04927 
0.12099 
0. 23785 


0.45590 
-0. 00144 
0.86270 
0. 84156 
0.45701 
0.31876 
0.36689 
0.80719 


0.99778 
0.80451 
0.50693 
0.37350 
0.99976 
0.90382 
0.33528 
0.34529 


0.96838 
0.80292 
0.45460 
0.31692 
0.96322 
0.82115 
0.25160 
0.30195 


0.92689 
0.80073 
0.38770 
0.25948 
0.91638 
0. 76542 
0.19019 
0.23218 


0.94371 
0. 81733 
0.38766 
0.24004 
0.94635 
0.80661 
0.22585 
0.25550 


0.95560 
0.77526 
0.42320 
0.31935 
0.94858 
0. 82534 
0.34984 
0.31906 


0.442AT 
-0.08913 
0.62009 
0.17344 
0.44363 
0.40658 
0.26416 
0.78205 


0.32689 
-0.10363 
0.86452 
9.42658 
0.31393 
0.30456 
0.33794 
9.92794 


0.16994 
-0.09571 
0.62705 
1.9000" 
0.128617 
0.13534 
0.03535 
0.30243 


0.19703 
0.06625 
0.44971 
0.66832 
0.12033 
9.20943 
0.12304 
9.18943 


0.19221 
0.07825 
0.45577 
0.49846 
0.13785 
0.19461 
0.02567 
0.31514 


0.42199 
0.01085 
0.77377 
0.29782 
0.41774 
0.35757 
0.25213 
0. 88609 


0.95561 
9.79332 
0.37590 
0.01334 
0.96682 
0.90355 
0.44525 
0.31336 


0.99587 
0.81782 
0.41489 
0.13768 
0.99987 
0.94390 
0.36087 
0.26025 


0.97778 
0.83338 
0.389256 
0.15192 
0.97456 
0.91474 
0.33038 
0.20889 


0.95889 
0.82459 
0.31125 
0.00372 
0.97509 
0.89891 
0.32107 
0.21659 


0.93526 
0.78144 
0.32247 
0.01787 
0.94312 
0.87590 
0.37642 
0.30990 


0.38526 
-0.104610 
O.17711 
0.08659 
0.37449 
0.32090 
0.09199 


0.28483 
~0.05847 
0.43912 
0.26953 
0.25603 
0.18116 
0.18413 


0.21343 
0.08348 
0.69254 
0.66832 
0.13434 
0.03377 
0.07066 


0.32909 
0.23978 
0.94982 
1.00000 
0.18849 
0.05179 
0.22550 


0.29320 
0.24160 
0.71880 
0.68081 
0.19994 
0.14033 
0.20912 


0.41564 
0.05374 
0.34034 
0.14806 
0.40032 
0.37599 
0.14789 


0.89096 
0.73172 
0.15163 
0.05243 
0.92477 
0.87520 
0.26736 


0.95443 
0.78014 
0.22369 
0.13394 
0.97824 
0.92026 
0.25463 


0.98573 
0.82868 
0.31005 
0.21466 
0.99957 
9.94106 
0.29746 


0.91876 
0.77252 
0.08610 
-0.01151 
0.96347 
0.92404 
0.27855 


0.88592 
0.72150 
0.13811 
0.07436 


0.91357 


0.84717 


0.25178 


0.44477 
-0.10194 
0.59554 
0.13010 
0.42829 
0.40870 
0.27426 


0.25851 
-9.12623 
0.77944 
0.39716 
0.23969 
0.14841 
0.09793 


0.00556 
-0.10578 
0.23177 
0.49846 
0.00246 
-0.18257 
-0.05812 


-0.00217 
-0.05430 
0.22452 
0.68081 
-0.01249 
-0.07309 
0.13959 


0.08681 
0.01913 
9.47423 
1.00000 
0.08764 
0.06800 
0.11862 


0.42080 
0.00384 
0.81874 
0.33441 
0.39865 
0.35394 
0.18685 


0.95223 
9.77057 
0.42618 
0.09576 
0.94673 
0.88177 
0.33097 


0.97440 
0.79220 
0.42172 
0.14803 
0.97301 
0.89071 
0.34886 


0.95618 
0.80151 
0.42848 
0.21798 
0.95725 
0.87871 
0.32842 


0.99769 
0.83327 
0.37805 
0.08362 
0.99999 
0.94064 
0.31543 


0.94915 
0.76889 
0.37773 
0.13763 
0.95057 
9.89867 
0.36379 


0.45844 
~0.11827 
0.83058 
0.76111 
0.49744 
0.40987 
~0.18679 


0.27920 
-0.18837 
0.89056 
9.84156 
0.32162 
0.21335 
~0.19044 


0.11987 
-0.09726 
0.26092 
0.29782 
0.92013 
-0.03963 
9.01524 


0.04250 
-0.02156 
0.16233 
0.14806 
0.07353 
0.01616 
0.09964 


O.15117 
0.05379 
0.31763 
0.33441 
0.13804 
0.08889 
-0.14899 


0.42454 
-0.07492 
0.91370 
1.00000 
0.45146 
0.28726 
-0.17310 


0.82327 
0.70639 
0.44509 
9.45491 
0.95299 
0.74138 
-0-21400 


0.83329 
0.72685 
0.40318 
0.41789 
OQ. 94333 
0.69677 
-0.15534 


0.79461 
0.72546 
0.35829 
9.40044 
0.91081 
0.62665 
-0.13014 


0.86175 
0.76817 
0.36610 
0.39914 
0.95158 
0.71676 
-0.13547 


0.88219 
0.74558 
0.42240 
0244954 
0.99992 
0.83877 
-0.19729 


0.02578 
0.92428 
0.94331 
0.47334 
0.51378 
0.30098 
0.25685 


0.06367 
0.80762 
0.69015 
0.37350 
0.38402 
0.30492 
0.25018 


0.31456 
0.27850 
0.17194 
0.01334 
-0.00118 
-0.03521 
-0.23810 


0.12778 
0.17793 
0.06032 
0.05243 
0.01183 
0.03644 
-0.07266 


0.19169 
0.24532 
0.10881 
0.09576 
0.06718 
0.04149 
-0.10257 


0.03886 
0.76914 
0.70048 
0.45491 
0.47246 
0.30119 
0.14902 


-0.53350 
0.57789 
0.59912 
1.00000 
0.98872 
0.89819 
0.02420 


-0.47280 
0.52213 
0.54527 
0.96521 
0.94821 
0.81890 

-0.01637 


-0.45258 
0.44953 
0.46055 
0.91978 
0.89506 
0.76618 

-0.05498 


-0.49831 
0.46602 
0.50746 
0.94639 
0.93810 
0.90535 

-0.05754 


-0.44120 
0.53807 
0.57197 
0.95172 
0.92534 
0.81690 

-0.03621 


0.00105 
0.90070 
0.84802 
0.44325 
0.44781 
-0.03426 
0.25127 


0.07057 
0.71842 
0.74176 
0.31602 
0.30376 
-0.03481 
0.24753 


0.19420 
0.43165 
0.22993 
0.13768 
0.07337 
0.13389 
-0. 23702 


0.03140 
0.25866 
0.09943 
0.13394 
0.07608 
0.01771 
-0.09494 


-0.00833 
0.25011 
0.13666 
0.14803 
0.11311 
0.02322 

-0.11624 


0.02905 
0.72864 
0.79444 
0.41789 
0.41312 
0.01192 
0.14593 


-0.65448 
0.60237 
0.63874 
0.96521 
0.97328 

-0.20957 

-0.03326 


136 


-0.65235 


0.63129 
0.64034 
1.00000 
0.99260 
-0.08847 
-0.07211 


-0.60278 
0.57181 
0.57529 
0.97596 
0.96148 

-0.04724 

-0. 10062 


-0.64694 
0.56538 
0.59526 
0.97308 
0.97974 

-0.08723 

-0.09565 


-0.63618 
0.57652 
0.58800 
0.94254 
0.94235 

-0.12600 

-0.09383 
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ROW 44 
-0.73498 
-0.63444 

0.63352 
0.53421 
0.91638 
0.93534 
-0.58337 
-0.00480 


ROW 45 
-0.72192 
-0.60834 

0.66053 
0.55153 
0.97456 
0.98096 
-0.52910 
-0.04892 


ROW 46 
-0. 70220 
-0.58611 
0.63553 
0.52380 
0.99957 
0.99578 
-0.49705 
-9.07961 


ROW 47 
-0. 73523 
-9.64457 
0.62131 
9.51980 
0.95725 
0.97861 
-0.54617 
-0.08245 


ROW 48 
-0. 66454 
-0. 69226 
0.61240 
0.48464 
0.91081 
0.91950 
-0.55688 
-0.07131 


ROW 49 
-0.71980 
-0.60260 

0.46931 
0.56818 
0.89506 
0.92112 
-C.58110 
-0.00752 


ROW 50 
-0- 74430 
-0.61199 
9.45987 
0.55545 
0.96148 
0.97665 
0.55466 
-0.04786 


ROW 51 
-0.72993 
-0.59195 

0.62804 
0.52702 
0.99297 
1.00000 
-0.50816 
-0.07689 


ROW 52 
-0.73408 
-0. 63616 

0.62668 
0.52365 
0.94191 
0.96741 
-0. 56405 
-0.10030 


ROW 53 
0.64964 
-0.66177 

9.65872 
0.52265 
0.89640 
0.91096 
-0.56399 
-0.08390 


ROW 54 
-0. 70467 
-0.65626 
0.50988 
0.40546 
0.76542 
0.78724 
-0.67414 
-0.08297 


-9.01998 
-0.63 767 
0.60388 
0.54350 
0.94635 
0.94371 
-0.55925 
0.02575 


-0.06070 
-0.61146 
0.60171 
0.54213 
0.97509 
0.96469 
-0.53486 
-0.01666 


-0.09653 
-0.58458 
0.54989 
0.49584 
0.96347 
0.94769 
-0.50912 
-0.05380 


-0,.09451 
-0.62180 
0.59082 
0.51399 
0.99999 
0.99321 
-0.51806 
-0.05638 


-0.08110 
-0.64930 
0.59333 
0.50266 
0.95158 
0.94214 
-0.55459 
-0.03928 


-0.02390 
-0.61375 
0.64521 
0.57700 
9.93810 
0.94739 
-0.53484 
0.02296 


-0.05957 
-0.62848 
0.60841 
0.54528 
0.97974 
0.98071 
-0.53687 
-0.91653 


-0.09369 
-0.59601 
0.55684 
0.50163 
0.97872 
0.96741 
-0.50616 
-0.95123 


-0.11201 
-0.61712 
0.59383 
0.51316 
0.99288 
1.00000 
-0.50504 
-0.07466 


-0.09304 
-0.63198 
0.64202 
0.53971 
0.946908 
0.95472 
-90.53569 
-0.05099 


-0.09059 
-0.60366 
0.46349 
0.40772 
0.80661 
0.82746 
-0.51506 
-0.05666 


-0.2477T 
-0.40209 
0.46886 
0.47649 
0.94858 
0.95210 
-0.39571 
0.07904 


-0.25544 
-0.38663 
0.44864 
0.44363 
0.94312 
0.93870 
-0.40755 
0.03406 


-0.27770 
-0.35396 
0.38943 
0.37449 
0.91357 
0.89962 
-0.40177 
0.00004 


-0.28032 
-0.34704 
0.43002 
0.42829 
0.95057 
0.94939 
-0.40627 
-0.00983 


-0.09633 
-0.41648 
0.49006 
0.49744 
9.99992 
0.98813 
-0.38895 
0.01999 


-0.29014 
-0. 36266 
0.50080 
0.51378 
0.92534 
0.94939 
-0.36732 
0.07715 


-0.28820 
-0.38R65 
0.44617 
0.44731 
0.94235 
0.95148 
-0.40655 
0.03715 


-0.31721 
-0.34325 
0.38938 
0.37711 
0.91883 
0.91996 
-0.40254 
0.00229 


-0.29512 
-0.34889 
0.42987 
0.43073 
0.94028 
0.95472 
-0.39823 
-0.02557 


-0.13490 
-0.38939 
0.52755 
0.54314 
0.98654 
1.00000 
-0.36586 


0.01019 


-0.23962 
-0.38737 
0.32557 
0.34420 
0.82534 
0.85122 
-0.37489 
-0.00026 


0. 99643 
0.80306 
0.51033 
0.37347 
1.00000 
0.90412 
0.33432 
0.34920 


0.96912 
0.80449 
0.45432 
0.31393 
0.96508 
0.82272 
0.25049 
0.30114 


0.93035 
0.80528 
0.38800 
0.25603 
0.92182 
0. 76953 
0.18790 
0.23199 


0.94399 
0.81794 
0.38776 
0.73969 
0.94673 
0.80761 
0.22616 
0.25558 


0.95677 
0.77373 
0.42795 
0.32162 
0.94997 
0.82861 
0.34693 
0.32254 


0.98225 
0.77584 
0.53998 
0.3840? 
0.99099 
0.90818 
0.36347 
0.38312 


0.97263 
0.81918 
0.45548 
0.30376 
0.97322 
0.84903 
0.26408 
0.30722 


0.93793 
0.82081 
0.38742 
0.24272 
0.93534 
0.78724 
0.18797 
0.23056 


0.93935 
0.82194 
0.39562 
0.24116 
0.94371 
0.82746 
0.24755 
0.26331 


0.95556 
0.75585 
0.46739 
0. 34216 
0.95210 
0.85122 
0.39117 
0.36093 


0.90281 
0.77641 
0.44554 
0. 32384 
0.90412 
1.00000 
0.34577 
0.28373 


0.95254 
0.79027 
0.37469 
0.005190 
0.96508 
0.89955 
0.44387 
0.31518 


0.99444 
O.R 1786 
0.41028 
0.12817 
1.00000 
0.94181 
0.36176 
0.25953 


0.97780 
0.83522 
0.38185 
0.17434 
0.97728 
0.93377 
0.33103 
0.20688 


0.95876 
0.92502 
0.31077 
0.00246 
0.97503 
0.89891 
0.32180 
0.21654 


0.93596 
0.77955 
0.32542 
0.02013 
0.94393 
0.87672 
0.37833 
0.31310 


0.93607 
0.75883 
0.39136 
-0.00118 
0.95062 
0.88508 
0.45325 
0.33441 


0.98470 
0.82635 
0.38570 
0.07337 
0.99358 
0.935745 
0.37781 
0.26051 


0.97449 
0.84260 
0.35556 
0.08288 
0.98096 
0.90891 
0.33398 
0.20075 


0.94908 
0.82666 
0.31112 
0.00390 
0. 96469 
0.89315 
0.33675 
0.22307 


0.93094 
0.75756 
0.34717 
0.02121 
0.93870 
0.87742 
0.39574 
0.34065 


0.81466 
0.73430 
0.27791 

-0.02473 
0.82272 
0.78177 
0.51999 
0.24734 


0. 88584 
0.72658 
0.14051 
0.03867 
0.92182 
0.87449 
0.26724 


0.95095 
0.77729 
0.21149 
0.12033 
0.97728 
9.92157 
0.25398 


0.98228 
0.82467 
0.28676 
0.18849 
1.07000 
0.94604 
0.29396 


0.91834 
0.77274 
0.08522 
-0.01249 
0.96317 
0.92371 
0.27888 


0.88609 
0.73022 
0.13823 
0.07353 
0.91384 
0.84729 
0.25352 


0.86353 
0.69672 
0.12089 
0.01183 
0.90132 
0.85907 
0.27813 


0.93371 
9.77930 
0.17142 
0.07608 
0.96546 
9.91381 
0.27731 


2.96557 
0.81795 
0.21577 
0.10955 
0.99578 
0.95222 
0.29120 


0.90459 
0.78073 
0.08699 
-0.01120 
0.94769 
0.90304 
0.30490 


0.87362 
0.71268 
0.13039 
0.06329 
0.89962 
0.87975 
0.27886 


0.74239 
0.67441 
0.10616 
0.04367 
0.76953 
0.70648 
0.34119 


0.95246 
0.76953 
0.42769 
0.08463 
0.94673 
0.88276 
0.32871 


0.97638 
0.79434 
0.42049 
0.13785 
0.97503 
0.89312 
0.34685 


0.96199 
0.80702 
0.42653 
0.19984 
0.96317 
0.88561 
0.32654 


0.99769 
0.83363 
0.37774 
0.08264 
1.00000 
0.94089 
0.31527 


0.95012 
0.76770 
0.37969 
0.13804 
0.95157 
0.89884 
0.36076 


0.94596 
0.74516 
0.43693 
0.06718 
0.93874 
0.88251 
9.30454 


0.98169 
0.80832 
0.41219 
0.11311 
0.98001 
0.90802 
0.33242 


0.97725 
0.82625 
0.41411 
0.14579 
0.97861 
0.90472 
0.31346 


0.99117 
0.83820 
0.36894 
0.08920 
0.99321 
0.93550 
0.29977 


0.94933 
0.74855 
0.39172 
0.13364 
0.94939 
0.90220 
0.33998 


0.81189 
0.71525 
0.30939 
0.04927 
0.80761 
0.74407 
0.18428 


0.82034 
0.70307 
0.44798 
0.45701 
0.94997 
0.73847 
-0.21168 


0.83460 
0.72769 
0.40312 
0.41774 
0.94393 
0.69713 
-0.15487 


0.79803 
0.72927 
0.35840 
0.40032 
0.91384 
0.62940 
-0.12662 


0.86113 
0.76853 
0.36607 
0.39865 
0.95157 
0.71741 
-0.13525 


0.88225 
0.74341 
0.42590 
0.45146 
1.00000 
0.83880 
-0.19702 


0.79974 
0.67249 
0.47511 
0.47246 
0.92798 
0.72738 
-0.17993 


0.83057 
0.73639 
0.40536 
0.41312 
0.94385 
0.71181 
-0.15598 


0.80627 
0.74244 
0.35614 
0.39774 
0.91950 
0.64094 
-0.11896 


0.85105 
0.77114 
0.36874 
0.39497 
0.94214 
0.72849 
-0.13669 


0.86895 
0.71953 
0.45669 
0.46560 
0.98813 
0.83737 
-0.18235 


0.68855 
0.67584 
0.33867 
0.31876 
0.82861 
0.73658 
-0.28156 


-0.53779 
0.57904 
0.60203 
0.99976 
0.99099 
0.89856 
0.02795 


-0.47645 
0.52120 
0.54604 
0.96682 
0.95062 
0.82059 

-0.01414 


-0.46084 
0.44886 
0.46308 
0.92477 
0.90132 
0.77051 

-0.05177 


-0.49985 
0.46604 
0.50764 
9.94673 
0.93874 
0.80636 

-0.05672 


0.44158 
0.54336 
0.57721 
0.95299 
0.92798 
0.81976 

-0.03723 


0.54884 
0.60801 
0.63489 
0.98872 
1.00000 
0.90017 
0.02612 


-0.-51121 
0.52153 
0.55121 
0.97328 
0.96985 
0. 84641 

-0.01294 


-0.48753 
0.44585 
0.46972 
0.93664 
0.92112 
0.78850 

-0.05034 


-0.51267 
0.47054 
0.51093 
0.94259 
0.94739 
0.82510 

-0.07257 


-0 45308 
0.58534 
0.62146 
0.95324 
0.94939 
0.83920 


-0.04673 


-0.65138 
0.48593 
0.49266 
0.90382 
0.90818 
0.99731 

-0.05243 
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-0.65376 
0.60282 
0.64317 
0.96322 
0.97322 

-0.21376 

0.02894 


-0.65398 
0.62885 
0.64044 
0.99987 
0.99358 

-0.09061 

-0.06914 


-0.60868 
0.56917 
0.57741 
0.97824 
0.96546 

-0.05025 

-0.09669 


-0.64802 
0.56506 
0.59541 
0.97301 
0.98001 

-0.08884 

-0.09501 


-0.63423 
0.58154 
0.59148 
0.94333 
0.94385 

-0.12955 

-0.09500 


-0.63717 
0.63400 
0.67624 
0.94821 
0.96985 

-0.25906 

-0.03288 


-0.66789 
0.61753 
0.64555 
0.99260 
1.00000 

-0.13636 

-0.06779 


-0.62335 
0.56026 
0.58418 
0.98064 
0.97665 

0.06946 

-0.09373 


-0. 65037 
0.56703 
0.60124 
0.96259 
0.98071 

-0.13031 

-0.11181 


-0.62322 
0.62449 
0.63490 
0.93786 
0.95148 

-0.17984 

-0.10969 


-0.62754 
0.46860 
0.50707 
0.82115 
0.84903 

-0. 36673 

-0.08592 
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ROW 55 
-0. 700446 
-0.59838 
0.65512 
0.51648 
0.91474 
0.90891 
-0.52718 
0.00833 


ROW 56 
-0. 72080 
~3. 58826 
0.57817 
0.47961 
0.94106 
0.95222 
-0.44323 
-0.07005 


ROW 57 
-0.73375 
-0.67606 

0.57313 
0.48098 
0.87871 
0.90472 
-0.60329 
-0.05746 


ROW 58 
-0.51339 
-0.71230 

0.41009 
0.28775 
0.62665 
0.64094 
-0.58887 
-0.14128 


ROW 59 
-0.72972 
-0. 66990 

0.47578 
0.39995 
0. 76618 
0.78850 
-0.68870 
-0.09712 


ROW 60 
0.13263 
0.24527 

-0.06009 
0.08406 
-0.04724 
-0.96946 
0.45742 
-0.02716 


ROW 61 
0.61171 
0.79391 

-0.16744 
-0.08518 
-0.49460 
-0.50816 
1.00000 
0.07592 


ROW 62 
0.57585 
0.66358 
-0,.20202 
-0.13096 
-0.50798 
-0.50616 

0.67189 
-0.18444 


ROW 63 
0.57977 
0.54457 

-0.04572 
0.03086 
-0.39999 
-0.40254 
0.63765 
-0.25122 


ROW 64 
0.11911 
0.01317 
0.55734 
0.20668 
0.19019 
0.18797 

-0.00068 
0.16533 


ROW 65 
-0.25176 
-0.29171 

0.35150 
0.24636 
_ 0.33038 
0.33398 
-0.29299 
0.16956 


0.00966 
-0.66362 
0.58221 
0.49651 
9.89891 
0.89315 
-0.58R89 
0.04497 


-0.09081 
-0.58706 
0.51879 
0.45522 
0.92404 
0.90304 
9.51029 
-0.04107 


-0.07060 
-0.66981 
9.56464 
0.49671 
0.94064 
0. 93550 
~0.61192 
-0.02737 


~0.14789 
-0.55912 
0.42126 
0.33145 
9.71576 
0.72849 
-0.48849 
-0.09656 


-0.10618 
-0.61461 
0.42668 
0.39712 
0.89535 
0.82510 
-9.52321 
-0.07096 


-0.02620 
QO. 22080 
0.04844 
0.05730 
-0.08723 
-0.13031 
0.30912 
-0.03754 


0.07657 
0.63577 
-0.12078 
-0.09573 
-0.54524 
-9.56405 
0.67189 
0.06417 


-0.19753 

0.86440 
-0.14874 
-0.12337 
~0.51762 
-0.50504 

1.00000 
-0.22761 


-0.28648 
0.75735 
0.00682 
0.04598 

~9 640527 

~0. 39823 
9.75386 

~0.28754 


9.15252 
-0.09583 
0.58410 
0.27529 
0.22585 
0.24755 
-0.09843 
0.16943 


0.15733 
-0.33689 
0.30158 
0.22301 
9.32107 
0.33675 
-0.26637 
0.19094 


-0.20256 
-0.43004 
0.40880 
0.40658 
0.87590 
0.AT7T42 
-0.45328 
0.10168 


-0.38590 
-0.30278 
0.34355 
0.32090 
0.84717 
0.82975 
-0.38752 
0.02058 


-0.31925 
-9.33623 
0.36179 
0.49870 
9.89867 
0.90220 
-0.47778 
0.02140 


0.06845 
-0.40649 
0.35808 
0.40987 
0.83877 
0.83737 
-0.34049 
-0.03567 


-0.26128 
-0.39151 
0.28032 
0.30098 
0.81690 
0.83920 
-0.39130 
-9.01635 


0.02900 
0.19421 
-0.03742 
-0.03426 
-0.12600 
-0.17984 
0.26048 
-0.13203 


0. 0692C 
0.50167 
-0.00195 
-0.01020 
-0.55650 
-9.56399 
0.63765 
-0.00560 


-0.62860 
0.59614 
0.01827 

-0.05855 

0.55672 

-0.53569 
0. 75386 

-0.30861 


—0 05545 
9.76949 
0.19423 
0.13983 

-0.39133 

-0.36586 
1.00000 

-0. 31328 


0.22958 
-0.07076 
0.66728 
0.65430 
0.34084 
0.39117 
0.14223 


0.19051 


-0.01012 
-0.15460 
0. 25093 
0.26416 
0.37642 
0.39574 
-0.18395 
9.27718 


0.91448 
0. 75850 
0.41326 
0.30456 
0.89955 
0. 78177 
0.24707 
0.29465 


0.87175 
0. 77798 
0.31714 
0.18116 
0.87449 
0.70648 
0.11151 
0.17500 


0.87480 
0.78388 
0.30342 
0.14841 
0.88776 
0.74407 
0.15453 
0.23394 


0.74310 
0.62078 
0.29268 
0.21335 
0.73847 
0. 73658 
0.35982 
0.27017 


0.89689 
0.80140 
0.42417 
0.30492 
0.89856 
9.99731 
0.27869 
0.25374 


-0.19895 
-0.15801 
-0.09168 
-0.034A81 
-0.21376 
-0.36673 
-0. 31054 
- 0.06178 


-0.58270 
-0.66888 
-0.10531 
-0.04374 
-0.58337 
-0. 67414 
-0.00068 
-0.09085 


-0.56591 
-0.59244 
-0.07713 
-0.01263 
-9.55925 
-0.51506 
-0.00843 
-0. 04530 


-0.40428 
-0.53399 
0.09570 
0.15048 
-0.39571 
-0.37489 
0.14223 
0.10618 


0.33911 
-0.09730 
0.44977 
0.39494 
9.33432 
0.34577 
1.00000 
0.38030 


0.44421 
0.25667 
0.32811 
0.33794 
0.44387 
0.51999 
0.43126 
0.29187 


0.95245 
0.77726 
0.39745 
9.13534 
0.94181 
1.00000 
0.37202 
0.74348 


0.90997 
0.79160 
0.29027 
0.03377 
0.92157 
0.87521 
0.30876 
0.14776 


0.87793 
0.78650 
0.20359 
-0. 18257 
0.89312 
0.83928 
0.25730 
0.17281 


0.69091 
0.61069 
0.18260 
-0.03963 
0.69713 
0.62179 
0.35031 
0.23763 


C.81182 
0.75783 
0. 26882 
-0.03521 
0.82059 
0.77869 
0.49823 
0.22514 


-0.08228 
~0.11736 
0.03753 
0.13389 
-0.09061 
-0.940T71 
-0.54082 
0.91578 


-0.52752 
-0.63946 
~0.07 376 
0.12468 
-0.52910 
-0.52718 
-0.29299 
0.02697 


~0.54620 
-0.60090 
-0,07707 

0.22684 
-0.53486 
-0.58889 
-0.26637 

0.02198 


-0.40633 
-0. 55055 
0.10949 
0.24442 
-0.40255 
-0.45328 
- 0.18395 
0.19173 


0.25929 
-0.09485 
0.24362 
0.15394 
0.25049 
0.24707 
0.43126 
0.42004 


0.36055 
0.23644 
0.26582 
0.03535 
0.36176 
0.27202 
1.00000 
0.28495 


0.91312 
0.738465 
0.27192 
0.20943 
0.91377 
0.87521 
0.25541 


0.90748 
0.75395 
0.15660 
0.05179 
0.94604 
1.00000 
0.24245 


0.84444 
0.71107 
-0.00329 
-0.07309 
0.88561 
0.88265 
0.25407 


0.61001 
0.55347 
0.00631 
0.01616 
0.62940 
0.54842 
0.17850 


0. 74167 
0.69527 
0.09853 
0.93644 
0.77051 
0.71026 
0.34101 


-0.03778 
-0.09240 
0.00865 
0.01771 
-0.05025 
-0. 60919 
-0.26418 


-0.48873 
-0.57219 
-0.08566 
-0.08300 
-0.49705 
-0.44323 
-0.50911 


-0.56790 
-0.49986 
-0.06157 
-0.08732 
-0.50912 
-0.51029 
-0.22325 


-0.39653 
-0.46904 

0.01780 
-0.01385 
-O-40177 
-.38752 
-0.31988 


0.20616 
~0.07352 
0.15152 
0.12722 
0.18790 
O.11151 
0.08811 


6.32750 
0.21279 
0.18715 
0.12304 
0.33103 
0.30876 
0.47864 


0.90299 
0.71980 
0.386714 
0.19461 
0.89891 
0.83928 
0.32931 


0.92770 
0.78020 
0.38753 
0.14033 
0.92371 
0.88265 
0.28722 


0.94466 
0.78506 
0.34647 
0.06800 
0.94089 
1.00000 
0.39881 


0.71679 
0.61593 
0.18612 
0.08889 
0.71741 
0.71588 
0.30654 


0.81033 
0.73794 
0.30463 
0.04149 
0.80636 
0.74545 
0.18041 


-0.10135 
-0.13115 

0.048861 

0.02322 
-0.08884 
-0.12334 
-0.04681 


0.55684 
-0.63147 
-0.10247 
-0.13692 
-0.54617 
-0.60329 
-0.29404 


-0.53113 
-0.54117 
-9.07625 
-0.10666 
-0.51806 
-0.61192 
-0.55053 


-0.41309 
-0.50715 

0.02833 
-0.00834 
-0.40627 
-O.47778 
-0.31422 


0.23136 
-0.09598 
0.18315 
0.12099 
0.22616 
0.15453 
0.07076 


0.33341 
0.22124 
0.16709 
0.02567 
0.32180 
0.25730 
0.02947 


0. 74646 
0.64149 
0.37455 
0.35757 
0.87672 
0.62179 
-0.21787 


0.74116 
0.67601 
0.31544 
0.37599 
0.84729 
0.54842 
-0.08977 


9.76254 
0.74995 
0.32569 
0.35394 
0.89884 
0.71588 
-0.06665 


0.71960 
0.68708 
0.29802 
0.28726 
0.83880 
1.00000 
-0.09294 


0.68023 
0.69839 
0.31740 
0.30119 
0.81976 
0.72507 
-0.28025 


-0.05035 
-0.16773 
-0.01702 

0.01192 
-0.12955 
-0.28032 
-0.20112 


-0.50407 
-0.67757 
-0.07795 
-0.04164 
-0.55688 
-0.58887 

0.06733 


-0. 38600 
-0.56768 
-0.06066 
-0.01039 
-0. 55459 
-0.48849 
0.02301 


-0.21616 
-0.53595 

0.12638 

0.19595 
~0.38895 
~0.34049 
-0.10098 


0.28770 
~O.11147 
0.40901 
0.36689 
0.34693 
0.35982 
-0.15027 


0.25310 
0.14567 
0.26809 
0.25213 
0.37833 
0.35031 
-0.04426 


0.47661 
0.49886 
0.50103 
0.90355 
0.88508 
0.77869 
0.05482 


-0.46655 
0.36109 
0.40884 
0.87520 
0.85907 
0.71026 

-0.04374 


0.53717 
0.39857 
0.46107 
0.88177 
0.88251 
0. 74545 
~0.03308 


-0.39858 
0.41890 
0.46599 
0.74138 
0.72738 
0.72507 

-0.09921 


-0.66883 
0.43979 
0.44573 
0.89819 
0.90017 
1.60000 

-0.06794 


0.52088 
-0.17077 
-0.16573 
-0.20957 
-0.25906 
-0.34977 
-0.05847 


0.68843 
-0.08677 
-0.08296 
-0. 58435 
-0.58110 
-0.68870 

0.05436 


0.54469 
-0.12688 
-0.12994 
-0.56303 
-0.53484 
-0.52321 
-0.23339 


0.59290 
0.06420 
0.04645 
-0.39829 
~0.36732 
-0.39130 
-0.28937 


0.04310 
0.74071 
0.73355 
0.33528 
0.36347 
0.27869 
0.18380 


-0.39158 
0.41286 
0.36830 
0.44525 
0.45325 
0.49823 
0.21025 
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-0.63533 
0.61604 
0.60123 
0.94390 
0.93576 

-0.04071 

-0.01241 


-0.55865 
0.50035 
0.52342 
0.92026 
0.91381 

-0.00919 

-0.09240 


-0.67933 
0.47865 
0.54069 
0.89071 
0.90802 

~0.12334 

-0.07420 


-0.63656 
0.40836 
0.40930 
0.69677 
0.71181 

-0.28032 

-0.15448 


-0.64782 
0.43101 
0.49229 
0.81890 
0.84641 

0.34977 

-0.09803 


0.32584 
-0.04185 
0.03409 
-0.08847 
-0.13636 
1.00000 
-0.00680 


0.72857 
-0.09615 
-0.12534 
-0.52837 
-0.55466 

0.45742 

0.09282 


0.70881 
-0.12933 
-0.16005 
-0.53622 
-0.53687 

0.30912 
-0.09714 


0.66910 
0.03868 
0.02855 
-0.40287 
-0.40655 
0.26048 
-0.20161 


0.07850 
0.60472 
0.35338 
0.25160 
0. 26408 
-0.31054 
0.14378 


-0.25754 
0.32665 
0.26665 
0.36087 
0.37781 

-0.54082 
0.14672 
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ROW 66 
-0.20951 
-0.31566 

0.23167 
0.14546 
0.29746 
0.29120 
-0.50911 
0.04200 


ROW 67 
-0.29519 
~0.24511 

0.29665 
0.26850 
0.32842 
0.31346 
0.29404 
0.25098 


ROW 68 
0.20798 
0.03371 
-0.11859 
-0.07515 
-0.13014 
-0.11896 

0.06733 
~0.11251 


ROW 69 
-0.19334 
0.22428 
0.22551 
0.27022 
-0.05498 
-0.05034 
0.05436 
0.98837 


ROW 70 
-0.16072 
0.25524 
0.20477 
0.27022 
-0.10062 
-0.09373 
0.09282 
0.96954 


ROW 71 
-0.17076 
0.24212 
0.21046 
0.27913 
-0.08348 
-0.07689 
0.07592 
1.00000 


ROW 72 
-0.19503 
0.22209 
0.22171 
0.28127 
-0.05756 
-0.05123 
0.06417 
0.99021 


ROW 73 
-C.25639 
0.14819 
0.23762 
0.25728 
-0.00342 
0.00229 
~0.00560 
0.95172 


ROW 746 
-0.03447 
-0.02351 

0.72056 
0.82771 
0.23218 
0.23056 
-0.09085 
0.40981 


ROW 75 
0.08334 
0.02986 
0.66083 
0.74735 
0.20889 
0.20075 
0.02697 
0. 32163 


0.02250 
-0.22130 
0.15928 
0.11463 
0.27855 
0.30490 
-0.22325 
0.02072 


0.23072 
-0.43183 
0.27452 
0.30729 
0.31543 
0.29977 
-0.55053 
0.26701 


-0.09446 

0.15870 
-0.12452 
-0.10013 
-0.13547 
-0.13669 

0.02301 
-0.09770 


0.98543 
-0.31895 
0.25115 
0.26800 
-0.95754 
-0.07257 
-0.23339 
0.99560 


0.95794 
-0.19372 
0.24169 
0.26983 
-0.09565 
-0.11181 
“0.09714 
0.95002 


0.99016 
-0.26478 
0.24487 
0.27778 
-0.08317 
-0.10030 
0.18444 
0.99021 


0.98625 
-0.31316 
0.25273 
0.28014 
-0.05712 
-0.07466 
-0.22761 
1.00000 


0.94556 
~0. 39443 
0.25217 
0.25812 
-0.01072 
-0.02557 
-9.30861 
0, 96469 


0.37934 
-0.11611 
0.76362 
0.85358 
0.25550 
0.26331 
-0.04530 
0.40633 


0.28655 
-0,02837 
0.71214 
0.77738 
0.21659 
0.22307 
0.02198 
0.31174 


0.04156 
-0.24629 
0.10481 
0.09199 
0.25178 
0.27886 
-0.31988 
0.05058 


-0.01032 
-0.42807 
0.16757 
0.27426 
0.36379 
0.33998 
-0.31422 
0.26899 


0.01226 

0.18401 
-0.15776 
-0.18679 
-0.19729 
-0.18235 
-0.10098 
-0.10409 


0.21948 
-0.28211 
0.20222 
0.25685 
-0.03621 
-0.04673 
-0.28937 
0.97243 


0.19585 
-0.23365 
0.19835 
0.25127 
-0.09383 
-0.10969 
-0.20161 
0.88713 


0.21967 
-0.24098 
0.20221 
0.25320 
-0.07020 
-0. 08390 
-0. 25122 
0.95172 


0.20542 
-0.26152 
0.19994 
0.26114 
-0.03808 
-0.05099 
-0.28754 
0.96469 


0.163206 
-0.29675 
0.19352 
0.24690 
0.02077 
0.01019 
-0.31328 
1.00000 


0.15064 
0.02816 
0.77170 
0.79236 
0.31906 
0.36093 
0.10618 
0.37776 


0.21238 
0.06381 
0.77389 
0.78205 
0.30990 
0.34065 
0.19123 
0.27370 


0.27447 
0.26174 
0. 16669 
0.18413 
0.26724 
0.34119 
0.08811 
0.12745 


0.33511 
0.24187 
0.19426 
0.09793 
0.32871 
0.18428 
0.07076 
0.18389 


-0.22720 
-0.15646 
~0.18066 
-0.19044 
-0.21168 
-0.28156 
-0.15027 
-0.10917 


0.01409 
-0.20515 
0.26775 
0.25018 
0.02795 
-0. 05243 
0.18380 
0.39932 


-0.0456 
-0.25595 
0.25959 
0.24753 
-0. 02894 
-0.08592 
0.14378 
0.39218 


-0.02130 
-0.24054 
0.27408 
0.26165 
-0.00480 
-0.08297 
0.16533 
0.40981 


0.01107 
-0.20890 
0.27408 
0.25631 
0.02575 
-0.05666 
0.16943 
0.40633 


0.06434 
-0.13891 
0.24707 
0.21086 
0.07904 
-0.00026 
0.19051 
0.37776 


0.33961 
-0.14774 
0.88887 
0.86370 
0.34920 
0.28373 
0.38030 
1.00000 


0.31574 
-0.18706 
0.89985 
0.92794 
0.31518 
0.24734 
0.42004 
0.90259 


0.26591 
0.27787 
0.13871 
0.07066 
0.25398 
0.75541 
0.47864 
0.16967 


0.35812 
0.25957 
0.13247 
-0.05812 
0.34685 
0.32931 
0.02947 
0.14441 


-0.16012 
-0.12243 
-0.01542 

0.01524 
-0.15487 
-0.21787 
~0.04426 
-0.20227 


-0.01756 
-0.18113 
0.16714 
-0.23810 
~0.01414 
0.05482 
0.21025 
0.20591 


-0.07841 
-0.23843 
0.14626 
-0.23702 
-0.06914 
-0.01241 
0.14672 
0.30755 


-0.05496 
-0.21789 
0.17255 
-0.24725 
-0.04892 
0.00833 
0.16956 
0.37163 


-0.02061 
-0.18518 
0.16739 
-0.25446 
-0.01666 
0.04497 
0.19094 
0.31174 


0.03089 
-0.11821 
0.14048 
-0.26838 
0.03406 
0.10168 
0.27718 
0.27370 


0.30443 
=D 1477S 
0.82813 
0.22705 
0.30114 
0.29465 
0.29187 
0.90259 


0.26632 
-0.17288 
0.79748 
0.30243 
0.25953 
0.24348 
0.28495 
1.00000 


0.31261 
0.30844 
0.26081 
0.22550 
0.29396 
0.24245 
1.00009 


0.33160 
0.19938 
0.11202 
0.13959 
0.32654 
0.28722 
0.13920 


-0.14309 
-0.11537 
-0.07595 
-0.09964 
-0.12662 
-0.08977 
-0.16278 


-0.05489 
-0.28175 

0.00818 
-0.07266 
-0.05177 
-0.04374 

0.03652 


-0.10875 
-0.33861 
-0.01030 
-0.09494 
-0.09669 
-0.09240 

0.07487 


-0,08660 
-0.31733 
-0,00374 
-0.09545 
-0.07961 
-7.07005 

0.04200 


-0.05839 
-0.28880 
-0.01768 
-0.10163 
-0.05380 
-0.04107 

0.02072 


-0.00297 
-0.22357 
0.00308 
-0.07107 
0.00004 
0.02058 
0.05058 


0.24998 
-0.16128 
0.30819 
0.15428 
0.23199 
0.17500 
0.12745 


0.22975 
-0.14688 
0.33374 
0.18843 
0.20688 
0.14776 
0.16967 


0.29065 
0.28113 
0.12852 
0.20912 
0.27888 
0.25407 
0.13920 


0.32478 
0.19074 
0.20158 
0.11862 
0.31527 
0.39881 
1.00000 


-0.12974 
-0.07611 
-0.12374 
-0.14899 
-0.13525 
-0.06665 
-0.14972 


-0.04427 
-0.25522 

0.28727 
-0.10257 
-0.05672 
-0.03308 

0.26378 


-0.08375 
-0.29892 

0.27642 
-0.11624 
-0.09501 
-0.07420 

0.23746 


-0.06868 
-0.28322 

0.31411 
-0.10453 
-0.08245 
-0.05746 

0.25098 


-0.04277 
-0.25706 

0.29739 
-O.11761 
-0.05638 
-0.02737 

0.26701 


0.00304 
-0.19661 
0.27511 
-0.12340 
-0.00983 
0.02140 
0.26899 


0.27736 
-0.17863 
0.81736 
0.23285 
0.25558 
0.23394 
0.18389 


0.23564 
-0.19521 


0.77880 | 


0.31514 
0.21654 
0.17281 
0.14441 


0.26673 
0.23757 
0.11569 
0.14789 
0.25352 
0.17850 
-0.16278 


0.26258 
0.25475 
0.19392 
0.18685 
0.36076 
0.30654 
-0.14972 


-0.20712 
-0.04547 
-0.13137 
-0.17310 
-0.19702 
-0.09294 

1.00000 


-0.21983 
-0.34231 

0.31610 

0.14902 
-0.03723 
-0.09921 
-0.10552 


-0.23607 
-0.38000 

0.30276 

0.14593 
-0.09500 
-0.15448 
~0.16349 


—0.23747 
-0.37304 

0.32630 

0.17218 
-0.07131 
-0.14128 
-0.11251 


-0.22409 
-0.34551 

0.32275 

0.16079 
-0.03928 
-0.09656 
-0.09770 


-0.18004 
-0.29027 
0.30837 
0.14092 
0.01999 
-0.03567 
-0.10409 


0.25926 
-0.22067 
0.92941 
0.80719 
0.32254 
0.27017 
-0.10917 


0.23996 
-0.25569 
0.92635 
0.88609 
0.31310 
0.23763 
-0.20227 


-0-30526 
0.13678 
0.06799 
0.26736 
0.27813 
0.34101 
0.03652 


-0.04331 
0.21623 
0.22883 
0.33097 
0.30454 
0.18041 
9.26378 


0.02141 
-0.17397 
-0.16229 
-0.21400 
-0.17993 
-0.28025 
-0.10552 


-0.15502 
0.28290 
0.27193 
0.02420 
0.02612 

-0.06794 
1.00000 


-0.13078 
0.25010 
0.23784 

-0.03326 

-0.03288 

-0.09803 
0494449 


-0.13007 
0.26901 
0.25215 

-0.00918 

-0.00752 

-0.09712 
0.98837 


-0.14292 
0.28035 
0.27071 
0.02181 
0.02296 

-0.07096 
0.99560 


0.23175 
0.27661 
0.27419 
0.07538 
0.07715 

-0.01635 
0.97243 


-0.03118 
0.78654 
0.72920 
0.34529 
0.38312 
0.26374 
0.39932 


0.10852 
0.79765. 
0.71850 
0.31336 
0.33441 
0.22514 
0.30591 
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-0.21108 
0.128861 
O.LLIAT 
0.25463 
0.27731 

-0.26418 
0.07487 


-0.38509 
0.25314 
0.26830 
0. 34886 
0.33242 

-0.04681 
0.23746 


0.00463 
-0.12137 
- 0.16409 
-0. 15534 
-0.15598 
-0.20112 
-0.16349 


-0.07371 
0.18156 
0.19623 

-0.01637 

-0.01294 

-0.05847 
0.94449 


0.01932 
0.15142 
0.17634 
-0.07211 
-0.06779 
-0.00680 
1.00000 


-0.02312 
0.16305 
0.18900 

-0.05167 

-0.04786 

-0.02716 
0.96954 


-0. 05857 
0.17805 
0.20498 

-0.01907 

-0.01653 

-0.03254 
0.95002 


-0.13186 
0.18024 
0.19222 
0.03169 
0.03715 

-0.13203 
0.88713 


0.03463 
0.74843 
0.80689 
0.30105 
0.30722 

-0.06178 
0.39218 


0.07346 
0.71479 
0. 76644 
0.26025 
0.26051 
0.01578 
0.30755 
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75 as illustrated below: 


Row 1 (Variable 1) 

variable 1 variable 2 variable 3 eee 

Pertants ae wartorit 74 varise ta 75 
For example, elevation (row 1) is positively correlated with monthly 
precipitation totals (sequence numbers 9, 10, 11, 12, 13). Extremely 
good correlations of .71 to .79 for the months May, June and August 
with good correlations of .56 and .52 result for July and September, 
respectively. These latter lower values indicate to some degree the 
type of rainfall experienced in the area. As pointed out in a previous 
chapter, July is the month of maximum convective activity. Increasing 
precipitation with increasing elevation denotes the importance of 
orographic precipitation during the months of May, June and August. 
In August, with the "differential heating . . . restricted to southern 


slopes during August," 


the primary result of convective precipitation 
will therefore be experienced in upland areas (Geiger, 1965). seer 
preference for upland areas by convective storms is demonstrated in 

the lower July correlation coefficient. The greater frequency of 
frontal activity reduces both the orographic and convectional pre- 
cipitational effects in higher areas such that the resulting coefficient 
is also lower for the month of September. 

Application of eee for the significance of correlation 
coefficients demonstrates the level above which meaningful correlations 
of variables are found. With 51 degrees of freedom, the level of 
significance at the probability level of .01 is +.38. Thus, in re- 


ferring to the correlation coefficient matrix, those values greater 


than +.38 prove statistically significant. 
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Through the subtraction of a general eigenvalue from each 
diagonal element in the correlation coefficient, a series of eigen- 
values equal to the number of input variables was computed. A 
practical simplified example of the formulation of the characteristic 
roots is provided in Appendix A as outlined by Prof. K. D. Hage (1969). 
Subsequent calculation of the associated column vector of eigenvectors 
per eigenvalue is also shown in Appendix A. 

For the present case, the eigenvalues are presented in Table 
8.4 with the associated cumulative explained proportion of the total 
variance per eigenvalue also shown. Since the purpose of factor 
analysis is the reduction of a large number of variables to only 
those factors which are most important statistically, the latter 
table provides this required limit. Firstly, if baie those eigenvalues 
greater than unity are considered, the first nine characteristic 
roots are then able to explain 91.6 per cent of the total variance. 
Secondly, if the rule of thumb, as outlined by King is followed, 


"at least 5 per cent of the total variance," then only the first 
three eigenvalues need be considered in the subsequent analysis 
(King, 1969, p. 174). Three quarters of the total variance is at- 
tributable to these eigenvalues. 

Therefore, in the calculation of the associated factor matrix, 
only the first three vectors of coefficients are needed as shown in 
Table 8.5. Any intercorrelations inherent in the original input 
variables are, at this point, presented as independent factors usually 
referred to as orthogonal factors. Orthogonality, or rotation of the 


axis, is able to provide a set of factors "which has the property that 


any given factor will be fairly highly correlated with some indices 


: oe ean f of 7 ‘ 


2 ' 


' . mi cs 7 r 
| a 
3 VEX Lover > & 3 6 ne 1m" 3 jdus ae 
APD et 2 poo tindtelerya) eda ae Snauate In MOF welb 


- ‘ 7 1 - ; 
} ( wOLGp toby Jugal lo.asdwo aAg 03 sasaam eau an 


; - > 
om — 3 fereecn heat ; 
v%-ei2 Yo atauase: ts itqata Luohi36 1 
> 
etic 
P A - ai ~> 9 ey fy a sz — on ~ 
mayga a bebivoitg el 2 ; 
7 “< <-— a, 
3 Io aokds luo te Jape pan 2 
g AO2j SJ #36 up adi 
‘ i hs 
‘ , j t P i P. ry alo m } ¢ 4 babe 
in < zs) si 6 lavnsgle : 1 
= _— bend sy S 
265 Inoaerq odd trol SR 
a ~ 7 At 
Vizseluewis Batebooees of3 da Pe 
. + 7 : 7 7 _ 
. Pan ol eases ~*~. ha F +. 
< 4 Kb Vilay i 23g 92 ot a 
~~ * ) : \ ; 
— 7 4 
» oO No ToD Sb 7 afly al- elevisaas 
[ _ 1 hs 
‘ Lc 3eom sie dold® eta Joni: seony 
So ; : ; 
- —i2° errs | bes UpoT & bas asb ryo? g ond - =) 
a x ‘ ‘ a 
F, a he 
é It SG af 935 yz may aestd iwJests . 
; 2 - - wa 
7 = 7a o : roany = 
G.2% i L of sich regs - eet £ 
: “5 ie 
. — 
; 5 Om LG it st3 j é 
> . 
“82 afi Yo-2190 zee 2 dean 4 
; * ona cae “2 aw ati - 
: seting ad basen aaylovinsatls sat 
"iets = oe oe ‘Fs 
as a) 
, le a Sees 
ia . Patii -. LORE. a PBK ih. 
oD fi nyurs rah a spacit +. he pee ia 
: : ee f *Y — 


mw bem lusd “4 e432 ab: ouatneis. . 


ee 
ou ee 


oo ty wae FIO needs: rae 3-6 
7 


re 
ite 2 ia 


y wre 2: 


142 


Table 8.4 


EIGENVALUES AND CUMULATIVE PROPORTION OF TOTAL VARIANCE 


CUMULATIVE PRO- CUMULATIVE PRO- 
EIGENVALUES PORTION OF EIGENVALUES PORTION OF 


TOTAL VARIANCE TOTAL VARIANCE 


35.26 0.47 0.02 0.99 
14.13 0.65 0.01 0.99 
6.89 0.75 0.01 0.99 
3.63 0.79 0.01 0.99 
2.70 0.83 0.01 0.99 
2.00 0.86 0.00 0.99 
1.66 0.88 0.00 0.99 
Ty 0.90 0.00 0.99 
1.04 0.91 0.00 0.99 
0.93 0.92 0.00 0.99 
0.75 0.93 0.00 0.99 
0.64 0.94 0.00 0.99 
0.54 0.95 0.00 0.99 
0.48 0.96 0.00 0.99 
0.42 0.96 0.00 0.99 
0.32 0.97 0.00 0.99 
0.30 0.97 0.00 0.99 
0.25 0.97 0.00 0.99 
0.20 0.98 0.00 0.99 
0.18 0.98 0.00 0.99 
0.14 0.98 0.00 0.99 
0.13 0.98 0.00 0.99 
0.11 0.98 0.00 0.99 
0.10 0.99 0.00 0.99 
0.10 0.99 0.00 0.99 
0.07 0.99 0.00 0.99 
0.07 0.99 0.00 0.99 
0.06 0.99 0.00 0.99 
0.05 0.99 0.00 0.99 
0.04 0.99 0.00 0.99 
0.03 0.99 0.00 0.99 
0.03 0.99 -0.00 0.99 
0.03 0.99 -0.00 0.99 
0.02 0.99 -0.00 0.99 
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Table 8.4 Contd. 


CUMULATIVE PRO- 
EIGENVALUES PORTION OF 
TOTAL VARIANCE 


-0.00 0.99 
-0.00 0.99 
-0.00 0.99 
-0.00 0.99 


-0.00 7.99 
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Table 8.5 


SELECTED FACTOR MATRIX OF INPUT VARTABLES 


ag See eS SE Se ee eee eee ey 


VARIABLE VARIABLE 
NUMBER I Il ELD NUMBER d. Et IIL 
Ses eS Se eat) a ee ae 
1 a AU ~42 - 40 38 53 68 -20 
2 006 «45 -.86 39 98 = O09 ge th 
2 -.20 26 -.080 40 i ae Spf 06 
4 99 acc. UB] 004 Al Dy on 09 
5 caf © =. 100 O71 42 LP OF 05 
6 Be lh LS 127 43 96 = 1) 04 
7 5 tee be 040 44 795 =.085 -.018 
8 834 -.116 244 45 aka 052 
9 re 34 41 46 94 =.155 09 
10 =.65 439 316 47 Pe ee 048 
bm 05 44 006 48 90 sil 043 
12 —»65 31 16 49 97 og 049 =. 008 
ibe =. 40 286 ~47 50 b> ie be 03 
14 fone male 0027 oa a i ee 07 
(he 16 =—.60 -.016 52 Ls ic a 06 
16 Yt re | ro 53 96) = .05 06 
af po A se 04 54 oy 6 = 16 = Uz 
18 i, 7368 08 55 92 . —, 096 5. ~.02 
19 62 71 06 56 so =. 169 049 
20 68 63 17 =F 905 week = 0% 
21 13 27 08 58 7a =<160 025 
22 69 ~62 04 59 Bb Ag =. 02 
23 54 73 16 60 Soe i 099 214 
24 - 56 /5 .08 61 =. S87 a 19 
25 48 68 02 62 -.568 ul 44 
26 We Be aH .28 63 ewe 42 56 
27 52 62 .03 64 fe 45 03 
28 223 78 04 65 43 i aS ene A | 
29 63 64 03 66 fe peg et he: -.08 
30 71 ~29 099 67 ~375 7039 =~.289 
31 -63 -61 03 68 -.0188 -.087 057 
a2 -63 -65 -03 69 -053 nhs oe. G4 
me | Ap p>) 73 -07 70 -.001 .474 =,80 
34 ~43 .76 212 71 -02 2-478 =. 84 
35 -08 ac -56 72 -05 - 46 = 
36 a -18 ~29 73 -10 2-396 =-.86 
Sy) .18 aoe ~32 74 ~44 . 80 -.06 


ee - 40 - 82 -06 


if 
S 
\ 
+ 
. 
‘ 
- 
' 
_ } 
= c , 
; ne ‘i 
; ’ 
: Vf oe OF 
: ~ Y' (an 
‘ -, Livvu, - 
- “oO. 4 ”. fh, 
-| i ~~ = 
— Pe cu. 


oc 
re, 
* 
Z 


i» 


"e 7) 
- 
i 
: 
Pu ats ri 
- prceratlen tam} 
2 oe a | 3 
4‘ 
ig ae 
MIST AM AOTIAT Ost oa 
ba = 
é . 
_ 7 : 
te — — — eS ea a a = 
7 
, . 
= . 
{ . 
7 
| Tt T7 
2 i 7 — 
no 
y - 
ns. - <, : 
ball re >> « 
- 3 5 
* vO, LP « 
~ 
{) «A at 
* “ue wu © 
iv; — 
euV, ov. 
4 fy wyf .; 
eee >We Vi «™ 
* oe SI rT 
~«* 1‘ Cilk sg ™* 
4 tf) ‘ al | 
0rd. ' @ck.=— 
; Lie srr 
er oe ~*~ oii :~= 
ri Ae 
. 4 - 
fr ~e 
% _ - . oe, eS. 
avr 1A 
. " ae 
at 
E? if 
owe ~ 
% oie 
- VOR « 
— a 7 
— + 
- ‘ ao 
5 = re _ 
> 
E , Pe, f.- 
4 - 4 
ec Fy ~ _~ 


f 
bh aemes 
atl a 
* 
: 


os 
| hl 


; il, Ed 

it SO. : Lt c 

‘ ‘ Ps - ‘ie $3 o—) | 8. 
; i @s. 5. - ee 
+ 5 any 60. 2X, £4 wee 


c 
nat 
* 
oa 
x 

x - @ 

oar Ct, - 

ie 
fac] ¥. 
p mee 
2 es 
1 


: #9. Sy..-) 

Wt, aa.. “Eas. 
~ oar a a 

; VEO... 3 

Si €9,..°--> £8 

A cry a 

mat eve 

wn To. DI iad 


ht -t 


n> 


all g 


145 


(coefficients of the factor matrix) but uncorrelated with the rest" 
(Blalock, 1960, p. 385). 

Factor one, therefore, is best described as an indicator 
of general climate. Accounting for 57 per cent of the total variance, 
the dominant variable coefficients are: negative elevation, mean daily 
temperature (all five months), May to August mean daily maximum tempera- 
ture, July mean daily minimum temperature, mean number of June days 
above al degree-days above all three base temperatures (32, 28, 42) 
for all five months, mean monthly potential evapotranspiration (all 
five months) and mean May actual evapotranspiration. 

The second factor, accounting for 19 per cent of the variance, 
is generally an indicator of selected May and September thermal values 
and frost-free periods. The selected temperature variables consist of 
May and September minimum temperatures, May and September mean number 
of days above 32°F., September mean number of days above 42°F., and May 
mean number of days above 25°F. 

The third "important" Sa stae. accounting for only 9 per cent 
of the total variance, is denoted by photoperiod and latitude variables. 
High negative dependence is placed upon day length for all five months 
and latitude such Kia higher fagtor scores are found for the more 
northerly stations in the study area. 

This therefore Lt ee the number and characteristics of the 


factors to be considered for later alogarthmic grouping procedures. 


Factor Scores 


The coefficients of each of these above three factors generate 


general indices per station in the form of factor scores. Factor scores 
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are the representation of the factor loadings (coefficients of the factor 
matrix) in conjunction with the normalized raw input data. The input 
raw data is firstly reduced to a mean of zero and unit variance and 
substituted into the formula: 
Z= ay *1 + ayy Xo qo eg Oe 4.75 *75 (1) 
(ko 1, 2: = 143) 
Where Z, is the factor score l, aq, is the first vector value of the 
factor loading, and xy is the normalized input variable 1. Calculation 
of three factor scores per 53 stations in the study area yielded the 
required numerical values for grouping. 
Simple graphical plotting in two-dimensions of #, vs #5 
indicates an extremely dispersed set of stations as illustrated in 
Figure 8.1. This failure of the like-stations to cluster distinctly, 
thereby necessitated a different analysis approach. Since the first 
three factors were found to be statistically significant, utilization 
of three dimensional plotting of the station indices maximized the inter- 


group distances and minimized the intra-group dispersion. 


Alzguithmic Grouping Method 


The data input consists of a set of three factor indices per 
station as shown in Table 8.6. Based upon Mahalonhis, (King, 1969) the 
basic formula derives a distance statistic D2 between pairs of stations 


according to the following: 


Oa Ry oo tis, the difference in the two groups means on 
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d, =X 


j hast Ab (for ey Boe © By ess p) 


and $ij = (siz) the element of the inverse of the common 
dispersion matrix. 

Modification of a computer program by Semple, Cassetti and 
King for the IBM/360 enabled the 52 stations to be classified into 
similar groups. Each group is able to explain at least 1 per cent 
of the total variance with all groups explaining 75 per cent of the 
total variance. In this particular case, using the above criteria, 
the 52 stations were delineated into 13 groups or like-regions. The 
mean and standard deviations of each group are presented in Table 8.6. 

In order to test the reliability of this technique, three 
stations--—Beaverlodge, Thorsby and Deer Mountain Lookout, were sub- 
stracted from the original input for factor analysis. Subsequent, 
substitution of the normalized variables into the general study area 
formula (1) yielded three sets of three factors. By applying the 
resulting factor scores to the class divisions as outlined in Table 
8.6, Beaverlodge grouped into region 7, Thorsby into group 5 and Deer 
Mountain into group 10. Each station grouped into the expected class 
associations. 

Additional stations not within the study area but in close 
proximity, or stations within the study area but not included in the 
analysis, can easily be added to the existing climatic zonations. 
Calculation of the factor scores according to formula (1) and placing 
of the respective scores within — limits defined by Table 8.6, pro- 
vides the reeiicins climatic type. If, however, the factor scores do 


not fit the classes described, reanalysis of the study area data bank 
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with the associated additional stations is not a complex process by 


employing the original procedure, as outlined in the above Chapter. 
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Chapter 9 


Results of the Climatic Statistical Analysis 


Arising out of the 53 input stations were thirteen climates, 
but is this the required scale? To better answer this question 
different levels of significance were set such that groupings of the 


stations were accomplished at various cluster levels. 


Results of Preliminary Analysis 


The grouping procedure outlined in the latter part of Chapter 8 
indicates the dependence of the clustering of stations upon the 
distance between the three-dimensional factor score co-ordinates. 
Discriminant iteration at various levels of significance per group 
identifies the similar indices. Iteration is a method of combining 
the station values through minimization of the inter-group variation. 
Two types of levels of significance can be stipulated - explained 
variance per group and/or the cumulative explained variance for all 
groups. Reducing the explained variance per group allows the classifier 
to alter the number of the clusters. 

If for example, the least explained variance per group is 
set at 3% and the cumulative explained variance at 95% with 30 
iterations, the number of climatic areas is four. Alteration of the 
explained variance per group from 3% to 2% yields 9 climatic areas. 

At the scale deemed to best fit the prescribed objectives, a least 
explained group variance of 1% was used such that the resulting 
climatic areas are thirteen in number. The factor scores and group- 


ings of the stations into these thirteen clusters is illustrated 
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in the previous Chapter, as Table 8.6. 

The unsmoothed generalized map of the climatic areas at the 
1% level is shown as Figure 9.1. It is unsmoothed since there is no 
fitting of the climatic boundaries through application of the mobile 
traverses, as yet. Cross-checking of this map with the topographic map 
in Chapter 3, Figure 3.3, illustrates some interesting correlations. 
Stations such as Kakwa, House, Deer, Pimple, Marten and Pelican 
Mountains, Swan Dive and Heart Lake all appear as one climatic type. 
Each of these stations is found at relatively higher elevations 
in the forested regions of the province. Likewise at similar eleva- 
tions and again forested but indicated by a different climate are the 
stations Bald, Economy, Snuff, Sweathouse and Puskwaskau. More will 


be said about particular groups later in the Chapter. 


Smoothing of the Areas by Thermo Dew-Point Results 


In view of the thermal spatial variations found in Chapter 7 
by mobile traversing, the following rules will be followed in smooth- 
ing and redefining the climatic boundaries: 

1) In the Swan Hills area and at similar Forestry Tower 
Observation paint eT the boundaries will be located at the higher 
elevations. The intervening valleys and rivers will be of different 
climates, defined if BRE by the neighbouring climatic type. 

2) In areas surrounding Lesser Slave Lake, the area to the 
southeast of the lake will be treated as being of the same climatic 
type of Slave Lake. ‘Areas to the north, south and west will be 
representative of the near-by station - not adversely affected by 


the lake. 
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3) In areas where small lakes are prevalent, the modification 
of the boundaries will ensue in that again the areas to the southeast 
of the lakes indicate a modified climatic type, as is the case in the 
Frog Lake area. Climatic stations in the southeast of the study area 
and the northwest will be treated as representative of larger 
regions as indicated by the uniformity in traverses about the Elk 
Point station. 

4) Areas under similar forest stands can be treated as of 
a relatively uniform climate, the thermal variations being a result 
of topographical differences. In the case of Spring Creek Basin, 
as with the Elk Point example, relatively uniform traces were 
experienced with the temperature fluctuations occurring in direct 
response to the associated topographic differences. 

5) Areas or stations found in the larger river valleys will 
be treated as unique climatic types. As noted in the case of Hinton, 
higher maximums and lower minimums in comparison with the surrounding 
region are characteristic. Consequently, where possible, breaks in 
the climatic regions and extension of the climatic types will occur 


along the river valleys. 


Utilizing the above "rules", the climatic type found in 
association with Hinton is extended to join the Whitecourt climatic 
type which in turn joins the Athabasca climatic region. Each of these 
stations - Whitecourt, Athabasca, Hinton and Entrance - is found in 
association with the Athabasca River Valley, each grouping into the 
same statistical climatic region. The climatic eerie at Athabasca 2 
and Meanook will also be diminished in size due to the localized 


climates in association with each station. Likewise, the station 


Dye : 
, ts ie 
| e) F 
/ ' 
; A 
i a 
, a Fi " ay 4 : ad é al , 
. : f seeks 1 evn kode! Ilecme sasilw aeote nt Ce 
’ : ‘ o. fT ty 
] anh Jans box > LJ] tw setani ipiadie 7 
\ 
{ ' 1% a st we - 7 
| ‘ Inwat> bol*thoe u pisokbnt estat SA7-4 
i itamilD. 28 
is f Lite .dacweds 
rea « 
: os ¥¢ tsatha 
, . 
} =: ~ 
vi) et 
. * Ee 
etal : [> swrinjiiay 
: i a * 
eS 
— 
a Ag ao ru Tt 5} . 
x te . P ha 
wR 
. sf Oad2E Bij 
Fd 
: ‘ x 4 Ve = oO -BEOT. 
+20 E 14 plovu Bp 
j +2 
Sid w jawol bas eamuint istry to. 
m9 ebssta eras 
= 
ie ° how esoigsr oftam 
- ; .eyollsy teviw of 
’ A ha 
; : Pe ut , 
( et metus ‘ he ta? 
= i le eda s ‘ski bs 
a a — _—- 
= \ as ¥ us 
> — be . 
& hs HS tetera ban eT. ot 
= i | 
. ' i. Wied BUG E wel 
; (is 
: Wi Advad ab @ sdpidesie ah aan , va SO 
- , A BQSE . ba SHABA + 


Lriquadty Ams 


160 


Doucette was reduced in extent since the elevation tends to localize 
the effects of the station's climatic range. 

In the case of Swan Hills, the boundaries are altered to 
better fit the topographical variations. Similarly, the Whitecourt 
Lookout and Yellowhead climatic types will be changed to localized 
pockets of similar climates. These, therefore, are the major changes 
due to the above guidelines. One remaining alteration concerns the 
insufficient data available in the Rocky Mountain region such that 


this area will be marked, for the present, as unclassified. 


Final Climatic Map for the Study Area 


Figure 9.2 indicates the groupings of the stations into 
homogeneous climatic areas. The associated characteristics of each 
climatic type are illustrated in Table 9.1. In view of the magnitude 
of the input variables - seventy-five per station - no attempt can be 
made to point out the predominant variables in each group. It is 
instead the intercorrelations of these variables which are able to 
account for similar groupings. Therefore, because of this magnitude, 
simple descriptions, in the form of the associated data table will be 
presented. 

Interpretation of the final climatic map in view of simply 
topographical or elevational variations is not sufficient. For 
example, Athabasca at 1700 feet is climatically similar to Hinton 
at 3325 feet. It is the resulting characteristic of climatic variation 
among the seventy-five input variables which accounts for this similar- 
ity. Nor are the climatic regions explained by simply mean tempera~ 


ture differences. June mean daily temperature at Wagner of 54.4°F and 


4 f y 2 ¥ 
, * awe 30 9625 of9 

, ae ee een 

af atis tg0qo9 a 


‘4 


fis _ joottis haedwolls¥Y bas Gye 
7 ce 


os eojantl> Yeftnte Jo eis 


f 
r 


st sidelisvs s3ab sso} re v2 


> . a ae ue 
; ) zo? ,becdvee ad: Bat sors eh 


i haee = 
7 ~ 
— ’ 7 
‘¢ erin t67 aah olfte 
———y — ee 
= 1 
= Y >~ . 
> L si. eee hs 
~ ank id 
> oye ‘4 +f s 
*. , d 2a. i ris Gud 
b | 
- J : : 
’ A 8s 4 
| = utseulil ste bqea 
5 ao) 
ae ofd uitsy tven 
‘ 3 ; - a : 
Bee ee > ee 
PESTS 8 aig § artis =— bins thes 
= ous 
el otiefoyre: sind 
. 7 - 
b ag r : 7 
y ie i“ ait: midouozg” te ti bathe 0d 
wy ts 7 ¥, 1: 7 ee | 
‘ ae 
i Pies Ge a2 “fn i c em 16k sinew al 
Pe 
5 er 7 ane 
‘is 7 
ry oy ne 


:, ; {Oi 1 Aagctses 


ace: erie 
aE: 
W - DNoInIY 03 wis V¥ilgutingile eF ds A oot peas 


we ate oaths is Jas 1760 fs si hie a —— mies 


sodas ae nS aN 


a] - - 


P| eye 7 Se 


161 


76 aINOld 


x xX XK X, Agfsi04 
x mMWIPO*X X X 
ee =e Tes 


° ° °o.,°0 ° 
oo 2 oo ° 
° 


yer agi 
° ° 


°°? 


° 
oo 
° 


raat oWil oGtt 


SINOZ DILVWITD TVDILSILVLS GSH 


1 


Vanes 
fy pated te 


OOWS 


mera 


——" 
,| = 
Peon: 


tee 


= 


eT 
ae 


CLIMATIC REGION 1 


ELEVATION 1900 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE [( F) 
DAYS ABOVE 32F (DAYS) 
OAYS ABOVE 28F (DAYS) 
DEG DAYS ASOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICTENCY (IN) 
FROST-FREE PERTOO (DAYS) 


CLIMATIC REGION 2 


FLEVATION 4500 FEET 


MEAN 
MAX. 


TEMPERATURE ( F) 
TEMPERATURE ( F) 
DAYS ABOVE 32F {DAYS) 
NAYS ABOVE 28F [DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. CIN) 
WATER DEFICTENCY CIN) 
FROST-FREE PERIOO (DAYS) 


CLIMATIC REGION 2 


ELEVATION 4525 FEET 


MEAN TEMPERATURE ( F) 
MAK. TEMPERATURE {( ©) 
DAYS ASOVE 32F (DAYS) 
OAYS ABNVE 28F {DAYS) 
BEG DAYS ABOVE 32F { F) 
POT. EVAPOTRANS. WIN) 
WATER DEFICIENCY CIN) 
FROST-FREE PERIOD (DAYS? 


CLIMATIC REGION 2 


ELEVATION 3800 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( FD 
OAYS ABOVE 32F {(OAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ASOVE 32F ( F) 
POT. EVAPOTRANS. CIN) 
WATER NEFICIENCY CIN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 2 


ELEVATION 4800 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE [ F) 
DAYS ABOVE 32F (DAYS) 
OAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS.«. {IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


Climatic Normals 


Table 9.1 


1954-1968 


Ee El a Tk 
(errata: longitudes and latitudes are reversed throughout this table) 


LONGITUDE 54 


MAY JUNE 
43.6 55.1 
60.5 66.6 

23. 29. 

28. 30. 
525. 706. 

2.9 3.9 

0.0 O% 
110. 

LONGITUDE 

MAY JUNE 
42.5 48.6 
Sial” (St0S 

19. 27. 

266 30. 
336. 497. 

2.5 3.5 

0.0 0.0 

82. 

LONGITUDE 

MAY JUNE 
44.5 51.0 
54.0 60.7 

20. 29. 

28. 30. 
392. 570. 

2.6 3.6 

0.0 0.2 

99. 


JULY 


53.3 
69.8 
30. 
306 
849. 
4.8 
1.3 


54 
JULY 


53.5 

62.9 
31. 
31. 

666. 
4.3 
O-2n 


54 
JULY 


55.8 

65.9 
31. 
31. 

733. 
4.4 
O-s 


LONGITUDE 54 


MAY 


42.9 
52.6 
17. 
23. 
344. 
2.5 
0.0 
92. 


JUNE 


49.5 
58.1 
27. 
296 
526. 
3.6 
0.0 


JULY 


52.7 
60.1 
30. 
3le 
640. 
4.1 
o-3 


LONGITUDE 53 


MAY 


44.1 
53.4 
20. 
26. 
379. 
2-4 
0.0 
926 


“JUNE 


50.9 
60.9 
29. 
30. 
568. 
3.46 
0.0 


JULY 


55.4 
65.5 
31. 
31. 
728. 
4.4% 
0-o 


ATHABASCA 2 

49 0 

AUG SEPT 
58.3 48.9 
69.8 59.6 

31. 24. 

Ble 27. 
817. 508. 

4.0 2.3 

1.0 Os 


LATITUDE 113 32 ° 


MAY 
PRECIPITATION (IN) 1.8 
MIN. TEMPERATURE ( F) 37.1 


DAYS ABOVE 42F (DAYS) 8. 


GOOSE MOUNTAIN LO. 


AUG 


51.3 
59.8 
30. 
31. 
598. 
3.6 
0.2 


SEPT 


43.1 
51.0 
21. 
26. 
341. 
2.0 
0.0 


DEG DAYS ABOVE 26F { F) 645. 
DEG DAYS ABOVE 42F { F) 244. 
ACT. EVAPOTRANS. (IN) 2.9 
DAY - LENGTH (HRS) 15.9 
KILLING FROST-FREE PERIOD (OAYS) 
LATITUDE 116 4 °o 

MAY 
PRECIPITATION (IN) 222 
MIN. TEMPERATURE ( F) 34.5 


DAYS ABOVE 42F {(OAYS) 3. 


DEG DAYS ABOVE 28F { F) 454. 
NEG DAYS ABOVE 42F ( F) 96. 
ACT. EVAPOTRANS. (IN) 2.5 
DAY - LENGTH (HRS) 15.9 


KILLING FROST-FREE PERIOD (DAYS) 


SIMONETTE LOOKOUT 


14 0 
AUG 


53.9 
63.8 
30. 
31. 
680. 
3.8 
0.2 


SEPT 


45.7 
54.8 
226 
27. 
415. 
2.2 
0.2 


LATITUDE 118 25 0 


MAY 
PRECIPITATION CIN) 1.7 
MIN. TEMPERATURE ( F) 35.5 


DAYS ABOVE 42F {DAYS) 5. 


WHITECOURT LOOKOUT 


1 54 

AUG SEPT 
51.9 45.2 
59.3 54.0 

30. 20. 

31. 24. 
616. 399. 

3.7 2.3 

0.7 °F 


DEG DAYS ABOVE 28F { F) 513. 
DEG DAYS ABOVE 42F { F) 135. 
ACT. EVAPOTRANS. (IN) 2.6 
DAY - LENGTH (HRS) 15.8 
KILLING FROST-FREE PERIOD (DAYS) 
LATITUDE 115 43 10 
MAY 
PRECIPITATION (IN) 2.3 
MIN. TEMPERATURE ( F) 33.7 
DAYS ABOVE 42F (DAYS) 4e 
DEG DAYS ABOVE 28F ( F) 465. 
DEG DAYS ABOVE 42F ( F) 98. 
ACT. EVAPOTRANS. (IND 2-5 
DAY - LENGTH (HRS) 15.8 


KILLING FROST-FREE PERIOD (DAYS) 


YELLOWHEAD LOOKOUT 


14 #14 
AUG SEPT 
53.7 45.9 
63.7 55.1 
3le 23. 
31. 27. 
673. 421. 
3.7 2.2 
OF O72 


LATITUDE 117 8 30 


MAY 
PRECIPITATION (IN) 3.0 
MIN. TEMPERATURE ( F) 35.3 


DAYS ABOVE 42F (DAYS) 5. 


DEG DAYS ABOVE 28F ( F) 500. 
DEG DAYS ABOVE 42F ( F) 128. 
ACT. EVAPOTRANS. CIN) 2.4 
DAY - LENGTH (HRS) 15.7 


KILLING FROST-FREE PERIOD (DAYS) 


JUNE JULY 
2.9 2-9 
44.1 47.3 
19. 27. 
823. 968. 
411. 555. 
3.7 3.5 
1TeL 1665 
133. 
JUNE JULY 
5.3 4.5 
40.2 44.6 
10. 20. 
617. 790. 
209. 357. 
3.5 hel 
17.1 16.5 
114%. 
JUNE JULY 
3.9 3.7 
41.8 46.2 
13. 25. 
690. 862. 
275. 428. 
3.4 3.9 
17.0 16.4 
130. 
JUNE JULY 
3.2 3.5 
41.% 45.7 
12. 21. 
646. Tb%. 
233. 331. 
3.6 3.8 
16.9 16.3 
115. 
JUNE JULY 
4.0 3.7 
41.5 44.8 
13. 23. 
6638. 850. 
272. 423. 
3.6 4.4% 
16.5 16.2 
124. 


AUG 


2.8 
47.3 
26. 
9416 
507. 
3.0 
14.7 


AUG 


4.5 
43.3 
16. 
722. 
293. 
3.4 
14.7 


AUG 


4.4 
44.6 
21. 
804. 
372. 
3.6 
14.6 


AUG 


3.5 
44.9 
20. 
740. 
310. 
3.0 
14.6 


AUG 


3.7 
44.2 
19. 
797. 
365. 
344 
14.5 


162 


SEPT 


2.8 
37.1 
&. 
532. 
157. 
1.9 
12.5 
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CLIMATIC REGION 3 


ELEVATION 2200 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
NEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY CIN} 
FROST-FREE PERTIOO (DAYS) 


CLIMATIC REGION 3 


ELEVATION 1910 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
OAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F { F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION x. | 


ELEVATION 1958 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE [ F) 
DAYS ASOVE 32F (DAYS) 
DAYS ABNVE 28F (DAYS) 
DFG DAYS ABOVE 32F ( F) 
POT. FYAPOTRANS. CIN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (OAYS) 


CLIMATIC REGION 3 


ELEVATION 1928 FEET 


MEAN TEMPERATURE {( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
OAYS ABOVE 28F (DAYS) 
OFG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. CIN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 3 


ELEVATION 2460 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 2AF (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CONKLIN LOOKOUT 


LONGITUDE 55 37 7 LATITUDE LIL 11 U7 
MAY JUNE JULY AUG SEPT MAY 
46.9 53.1 56.8 56.6 47.4 PRECIPITATION (IN) 1.5 
57.5 63.3 65.9 66.2 56.4 MUN. TEMPERATURE ( F) 37.0 
23. 28. 29. 31. 24. DAYS ABOVE 42F (DAYS) 9. 
27. 29. 29. 31. 28. DEG DAYS ABOVE 28F C F) 595. 
477. 642. 787. 1763. 4666 DEG DAYS ABOVE 42F ( FD 210. 
2.8 3.8 4.6 3.9 23 ACT. EVAPOTRANS. (IN) 2.8 
0. of 6.4 O68 of OAY - LENGTH (HRS) 16.1 
104. KILLING FROST-FREE PERIOD (DAYS) 
FALHER 
LONGITUDE 55 45 0 LATITUDE LL7 12 O 
MAY JUNE JULY AUG SEPT MAY 
48.6, 5565. 5963 STil. 48.7 PRECIPITATION (IN) 1.8 
60.5 67.6 71.8 68.8 59.8 MIN. TEMPERATURE ( F) 37.2 
23. 30. 31. 31. 240 DAYS ABOVE 42F (DAYS) Te 
28. 30. 31. ) 27s DEG DAYS ABOVE 28F { F) 640. 
518. . 70S. 845. .°T79. 502. DEG DAYS ABOVE 42F ( F) 23% 
208.9 4.0 © 4.5 3.9 2.4 ACT. EVAPOTRANS. (IN) 2.8 
0.0 Of 1.4 1.3 OF DAY ~ LENGTH (HRS) 16.1 
lll. KILLING FROST-FREE PERIOD (DAYS) 
HIGH PRAIRIE RS. 
LONGITUDE 55 25 30 LATITUDE 116 29 35 
MAY JUNE JULY AUG SEPT MAY 
48.7 5454-5963 ‘ST25 49.2 PRECIPITATION (IN) 1.1 
61.3. 68.0 71.8 69.6 +61.0 MIN. TEMPERATURE { F) 36.5 
21. 28. 30. 31. 23. DAYS ABOVE 42F (DAYS) Te 
26. 28. 30. Bl. 26. DEG DAYS ABOVE 28F ( F) 643. 
521. 6745 853. 791. 517. DEG DAYS ABOVE 42F ( F) 238. 
3500" 3.8)! 4.5 4.0 2.4 ACT. EVAPOTRANS. (IN) 3.0 
0.0 0.s 1.4 1-+ 1.0 DAY - LENGTH (HRS) 16.0 
96. KILLING FROST-FREE PERIOD (DAYS) 
KINUSO 
LONGITUDE 55 20 0 LATITUDE 115 26 0 
MAY JUNE JULY AUG SEPT MAY 
48.1 53.8 58.0 56.6 45.5 PRECIPITATION (IND 0.6 
61.3) 67.7) 71.27.69. 1) +6160 MIN. TEMPERATURE (¢ F) 35.5 
20e8. 27a 30. 31. 22. DAYS ABOVE 42F (DAYS) 6. 
250 286 30. 31. 26. DEG DAYS ABOVE 28F ( F) 626. 
505. 655. 814. 763. 500. DEG DAYS ABOVE 42F ( F) 222. 
2adet SQ 2 465-8 408 204 ACT. EVAPOTRANS. (IN) 2.9 
0.0 O%8 1.3 1? je DAY - LENGTH (HRS) 16.0 
936 KILLING FROST-FREE PERIOD (DAYS) 
ROUND HILL LOOKOUT 
LONGITUDE 55 18 12 LATITUDE LLL 58 30 
MAY JUNE JULY AUG SFPT MAY 
46.0 SleT 5404 55-3 460% PRECIPITATION (IN) 1.5 
57.7 63.0 64-4 66.9 5723 MIN. TEMPERATURE ( F) 34.7 
20. 28. 30. 30. 22. OAYS ABOVE 42F (DAYS) 6. 
256 29. 30. 31. 25. DEG DAYS ABOVE 28F ( F) 5TT. 
460. 619. 757. 7256 4356 DEG DAYS ABOVE 42F ( F) 193. 
207 3.6) > Sah’ 328° 2.2 ACT. EVAPOTRANS. TIN) 2.7 
0.0 1.308 #O-8 OF DAY = LENGTH (HRS) 16.0 
9b. KILLING FROST-FREE PERIOD (DAYS) 


JUNE JULY 
3.6 4.0 
43~.% 48.2 
20. 28. 
T60. 906. 
353. 495. 
3.6 4.2 
17.3 16.7 
131. 
JUNE JULY 
1.9 2.9 
43.9 47.2 
18. 256 
825. 969. 
405. 535. 
3.6 3.1 
17.3 16.7 
133. 
JUNE JULY 
2.8 2-5 
41.3 47.2 
17. 25. 
793. 975. 
389. 549. 
3.3 3.1 
17.2 16.6 
129. 
JUNE JULY 
1.9 2.7 
40.4 45.4% 
15. 24. 
774. 9364 
367. 510. 
3.0 3-2 
17-2 1646 
122. 
JUNE JULY 
2-9 3.8 
40.8 44.8 
14. 24. 
735. 873. 
331l-e 469. 
3.3 3.6 
17.2 16.6 
118. 


AUG 


344 
47.6 
266 
BAT. 
455. 
3-1 
14.8 


AUG 


2.8 
45.9 
23. 
902. 
470. 
2.6 
14.8 


AUG 


2.3 
4549 
23. 
915. 
43%. 
2-6 
14.8 


AUG 


2.2 
44.5 
22. 
636. 
455-6 
2-2 
14.7 


AUG 


3.4 
4Ge2 
21. 
849. 
417. 
3.0 
14.7 


163 


SEPT 


1.2 
38.1 
8. 
621. 
225. 
1.5 
12.5 


SEPT 


1.3 
34.5 
6. 
619. 
225-6 
1.3 
12.5 
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CLIMATIC REGION 3 


ELEVATION 1983 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE [( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ¢ F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY CIN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 3 


ELFVATION 2350 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( FI 
MAYS ABNVE 32F (DAYS) 
DAYS ABOVE 28F (NAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION = 


ELEVATION 1920 FEET 


MEAN TEMPERATURE [( F) 
MAX. TEMPERATURE [ F) 
DAYS ABNVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. {IN) 
WATER DEFICIENCY CIN) 
FROST-FREE PERIOO (DAYS) 


CLIMATIC REGION 3 


ELFVATION 1787 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABQVE 28F (OAYS) 
DEG DAYS ABOVE 32F [ FI 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 3 


ELEVATION 1915 FFET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
DFG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICTENCY CIN) 
FROST-FREE PERIOO (DAYS) 


LONGITUDE 
MAY JUNE 
49.1 56.1 
62.2 69.1 
22. 29. 
26. 30. 
S33. 724. 
2.9 4.0 
0.0 0.7 
94. 


55 
JULY 


60.4 
73.5 
31. 
31. 
879. 
4.6 
1-6 


LONGITUDE 55 


MAY JUNE JULY 
45.8 52.0 56.6 
5609 63.3 68.2 
ee ye me 9 
Bia ~~ (Pal. 
433. 602. 763. 
2.5. Bek) a8 
0.0 Of 1.0 
96. 
LONGITUDE 55 
MAY JUNE JULY 
47.8 53.7 58.2 
60.8 67.2 70.4 
20 Re BTs F308 
260 28. 30. 
495. 653. 820. 
268! * Het 47 
0.0 Of O88 
100. 
LONGITUDE 55 
MAY JUNE JULY 
480% SS 59.7 
60.8 67.6 170.9 
22. 2B. 30. 
262. 28. 30. 
524. 694. 866. 
209 = 400 HB 
0.0 OR {f-6 
105. 


LONGITUDE 55 


MAY 


46.7 
58.7 
20. 
25.- 
459. 
2.7 
0.0 
100. 


JUNE 


54.4 

65.5 
296 
30. 

672. 
3.9 
0-2 


JULY 


59.9 
70.7 
31. 
31. 
866. 
4.7 
1-1 


RYCROFT 
46 i) 

AUG SEPT 
58.5 49.3 
71.5 61.7 

30. 22. 

31. 26. 
822. 519. 

4.0 244 

2-0 1.2 


LATITUDE 118 38 0 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ASQVE 28F { F) 
DEG DAYS ABOVE 42F { F) 
ACT. EVAPOTRANS. (IND 
DAY — LENGTH (HRS) 


MAY 


1.3 
36.5 
7. 
655. 
248. 
2.9 
16.1 


KILLING FROST-FREE PERIOD LDAYS) 


SALT PRAIRIE LOOKOUT 


40 3 
AUG SEPT 
53.9 43.3 
64.9 53.8 
at. een 
St. So 26. 
681. 418. 
Py ewer ae 
o-¢ 6-8 
SLAVE LAKE 
ae 
AUG SEPT 
56,9 48.7 
68.8 56.1 
Sia ess 
Si, 2. 
Tl2<. | S02. 
5.0 eS 
1.4 0.4 
WABASCA RS 
58 0 
AUG SEPT 
58.1 46.1 
68.9 60.3 
Re Ee 
Sls “727. 
810. 519. 
Or eee | 
24 1-4 
WAGNER 
21, 0 
AUG SEPT 
57.8 48.7 
68.3 58.7 
Ble | 24. 
ai. Get. 
799. 503. 
4.0 2.4 
wl oF 


LATITUDE 115 50 


16 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F [ F) 
NEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
DAY — LENGTH (HRS) 


KILLING FROST-FREE PERLOD (DAYS) 


LATITUDE 114 46 o 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 

DEG DAYS ABOVE 28F { F) 
DEG DAYS ABOVE 42F {( F) 
ACT. EVAPOTRANS. (IN) 

DAY - LENGTH (HRS) 
KILLING FROST-FREE PERIOD 


LATITUDE 113 50 ° 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
NEG DAYS ABOVE 28F { F) 
DEG DAYS ABOVE 42F { F) 
ACT. EVAPOTRANS. (CIN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


LATITUDE 114 59 Qo 


PRECIPITATION CIN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (OAYS) 
DEG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. CIN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


MAY 


1.4 
35.3 
5. 
554. 
167. 
2.8 
16.1 


MAY 


1.8 
35.4 
5. 
617. 
210. 
2.8 
16.0 


(DAYS) 


MAY 


1.8 
37.3 
9. 
646. 
243. 
2.9 
16.1 


MAY 


1.7 
35-1 
5. 
580. 
184. 
2.7 
16.0 


JUNE JULY 
2.3 263 
43.6 47.7 
Pp 
844. 1003. 
424. 569. 
PE pas he 
La3, Wet 
114. 
JUNE JULY 
cere eh 
41.3 45.5 
Liye Os 
722. 887. 
307. 453. 
3.4 3.4 
E75. Th? 
130. 
JUNE JULY 
5S mete G 
40.7 46.5 
Limes: 
TT2e 9426 
367. Sit. 
3.9 3.9 
17.20 16.6 
132. 
JUNE JULY 
F521 1259 
43.2 49.1 
19. 27. 
813. 988. 
403. 552. 
3.8 5.2 
17.3 16.8 
132. 
' 
JUNE JULY 
rae ee 
43-9 4926 
Vis zee 
792. 990. 
372. 556. 
S577 3a6 
17.2 16.6 
132. 


AUG 


2.0 
46.0 
23. 
9464 
513. 
2.0 
14.8 


AUG 


2.9 
43.5 
17. 
805. 
375.6 
2.9 
14.8 


AUG 


2.1 
45.6 
22. 
896. 
463. 
2-6 
14.7 


AUG 


1.4 
47.7 
25. 
933. 
501. 
1.8 
14.8 


AUG 


2.6 
47.7 
26. 
923. 
489. 
2.9 
14.7 


164 


SEPT 


1.0 
37.3 
9%. 
639. 
242. 
2 
12.5 


SEPT 


1.0 
36.6 
10. 
638. 
244. 
1.0 
12.5 
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CLIMATIC REGION 4 


ELEVATION 3150 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F {DAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F { F) 
POT. FVAPOTRANS. (CIN) 
WATER NEFICTENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 4 


ELEVATION 2800 FFET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (OATS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (CIN) 
WATER DEFICIENCY (IND 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 4 


ELEVATION 2950 FEFT 


MEAN 
MAX. 


TEMPERATURE { FD 
TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
NEG MAYS ABOVE 32F { F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 4 


ELEVATION 3050 FEET 


MEAN TEMPERATURE ( F) 

- MAX. TEMPERATURE { F) 
DAYS ABOVE 32F (DAYS) 
OAYS ABOVE 28F {DAYS) 
DEG DAYS ABOVE 32F ( F) 
PNT. EVAPOTRANS. (IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 4 


FLEVATION 2900 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (NAYS) 
DAYS ABOVE 28F {DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY CIN) 
FROST-FRFE PERIOD (OAYS) 


LONGITUDE 
MAY JUNE 
47.7 54.8 
57.0 63.9 
25. 30. 
296 30. 
488. 684. 
2.8 3.9 
0.0 0.0 
121. 
LONGITUDE 
MAY JUNE 
48.3 54.7 
58.7 65.1 
25. 30. 
29. 30. 
509. 682. 
2.9 3.9 
0.0 O.4 
126. 


54 
JULY 


59.2 
638.6 
31. 
3l. 
844. 
4.5 
1.3 


54 
JULY 


59.0 
69.8 
31. 
31. 
838. 
4.5 
0.6 


LONGITUDE 55 


MAY 


48.4 
57.5 
266 
30. 
Sll. 
2.9 
o.1 
122. 


JUNE 


54.4 
63.8 
30. 


30. 


6Tl. 
3.9 
0.4 


JULY 


58.4 
68.3 
31. 
31. 
BLT. 
45 
0.7 


LONGITUDE 54 


MAY 


47.6 
56.4% 
26. 
30. 
435. 
2.8 
0.0 
129. 


JUNE 


54.1 
62.7 
30. 
306 
665~ 
3.9 
0.4 


JULY 


58.2 
66.9 
31. 
31. 
Bll. 
4.5 
0.7 


LONGITUDE 54 


MAY 


48.3 
58.3 
266 
Oe 
509. 
2.9 
0.2 
121. 


JUNE 


54.2 
64.7 
30. 
30. 
666. 
3.8 
0.2 


JULY 


58.4 

69.6 
31. 
3le 

818. 
45 
0.6 


BALD MOUNTAIN LOOKOUT 


48 45 
AUG SEPT 
57.3 48.4 
66.4 5764 
31. 25. 
3le 28. 
784, 494. 
3.9 223 
0-6 O.F 
ECONOMY 

47 20 
AUG SEPT 
57.2 49.1 
67-5 59.0 
31. 25. 
31. 28. 
TBle S166 
3.9 2-4 
0.6 0.5 

PUSKWASKAU 

13. «10 
AUG SEPT 
56.4 46.8 
65.5 54.7 
3le 26. 
31. 29. 
757. 505. 
3.3 2.4 
0.7 °.6 


LATITUDE 118 54 50 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F { F) 
DFG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (INI 
DAY ~ LENGTH (HRS) 


MAY 


2.3 
38.8 
10. 
6ll. 
209. 
2.8 
15.9 


KILLING FROST-FREE PERIOD (DAYS) 


LOOKOUT 


LATITUDE 118 14 ° 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F { F) 
ACT. EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) . 


MAY 


2.2 
38.4% 
9. 
631. 
225.6 
2.9 
15.9 


KILLING FROST-FREE PERIOD (DAYS) 


LATITUDE 117 29 30 


PRECIPITATION {IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F ( F) 
NEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (CIN) 
DAY - LENGTH (HRS) 


MAY 


1.9 
39.8 
19. 
633. 
228. 
2.9 
16.0 


KILLING FROST-FREE PERIOD (DAYS) 


SNUFF MOUNTAIN LOOK. 


40 40 
AUG 


56.6 
65.1 
31. 
31. 
762. 
3.9 
0.7 


SEPT 


48.2 
55.8 
26. 
28. 
4906 
2.3 
0.6 


LATITUDE 117 32 1 


PRECIPITATION (IND 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F {DAYS) 
DEG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD 


SHEATHOUSE LOOKOUT 


a5 3 
AUG SEPT 
56.3 48.4% 
66.6 57.7 
31. 266 
31. 28. 
753. 494. 
3.8 2-3 
05 O2 


LATITUDE 116 4&5 6 


PRECIPITATION CIN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F ( F) 
NEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


MAY 


2.3 
39.2 
ll. 
607. 
2066 
2.8 
15.9 


{OAYS) 


MAY 


2-2 
38.8 
9. 
632. 
224. 
2-9 
15.9 


JUNE JULY 
3.6 2.8 
46.1 50.% 
22. 296 
804. 968. 
384. 534%. 
3.9 3.3 
17.1 16.5 
146. 
JUNE JULY 
3.5 3.4% 
44.9 48.8 
20. 29. 
802. 962. 
383. 528. 
3.8 3.9 
17-1 16.5 
146. 
JUNE JULY 
3.¢ 3.1 
45-24% 48.9 
21. 238. 
T91l. F941. 
373. SOT. 
3.5 3.8 
17.2 16.6 
153. 
JUNE JULY 
3.4 2.9 
45.1 50.0 
22. 29. 
785. 935. 
365. 50le 
3.5 3.8 
17.1 «16.5 
151. 
JUNE JULY 
3.3 Gel 
44.2 47.7 
20. 27. 
785. 42. 
367. 508. 
3.6 3.9 
17.1 16.5 
15l. 


AUG 


3.6 
48.7 
27. 
908. 
4756 
3.3 
14.7 


AUG 


3.4 
4744 
26. 
905.6 
4Tle 
3.3 
14.7 


AUG 


361 
47-8 
266 
Bal. 
449. 
341 
14.7 


AUG 


3.1 
48.6 
28. 
886. 
452. 
3.0 
14.7 


AUG 


3.7 
46.5 
256 
B17. 
444% 
3.3 
14.7 


165 


SEPT 


2-1 
39.9 
il. 


6126 


221. 
1.9 
12.5 


SEPT 


1.9 
39.7 
lle 
635. 
240. 
1.9 
12.5 


SEPT 


1.8 
40.2 
12. 
608. 
217. 
1.7 
12.5 


SEPT 


1.8 
39.6 
ll. 
612. 
219. 
2.1 
12.5 
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CLIMATIC REGION 5 


CALMAR 
FLEVATINN 2200 FEET LONGITUDE 53 15 i) LATITUDE 113 50 ° 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 50.0 56.8 61.4 59.0 50.3 PRECIPITATION (IN) 1.6 2.5 2.5 2.6 1.5 
MAX. TEMPERATURE [( F) 63.3 69.5 74.5 T1.7 62.7 MIN. TEMPERATURE ( F) 37k 44.7 48.9 46.9 38.5 
DAYS ABOVF 32F (DAYS) 23. 30. 31. 31. 24. DAYS ABOVE 42F (NAYS) 8. 19. 27. 25. 8. 
MAYS ABOVE 28F (DAYS) 28. 30. 31. 31. 28. DEG NAYS ABOVE 28F ( F) 681. 864. 1037. 962. -670. 
NEG DAYS ABOVE 32F { F) 559. 744. 913. 838. 551. DEG DAYS AROVE 42F ( F) 267. 444. 603. 529. 269. 
POT. FVAPOTRANS. CIN) 3.0 4.1 4.8 4.1 244 ACT. EVAPOTRANS. (CIN) 3.0 3.5 3.1 2.5 1.4 
WATER DEFICIENCY (IN) 0.0 0,6 1.7 1.6 1.0 DAY - LENGTH (HRS) 15-7 1665 16.2 1465 12.45 
FROST-FREE PERINO (DAYS) 109, KILLING FROST-FREE PERIOD (DAYS) 134. 
CLIMATIC REGION 5 
THORSBY 
ELFVATION 2450 FFET LONGITUDE 53 14 0 LATITUDE 114 2 ° 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 

MEAN TEMPERATURE ( F) 49.8 56.1 60.5 58.3 49.6 PRECIPITATION CIN) 2.0 2.5 2.8 2.8 2.3 
MAX. TEMPERATURE { F) 62.7 68.5 73.6 70.9 61.6 MIN. TEMPERATURE ( F) 37.5 44.2 48.9 46.2 38.2 
DAYS ABOVE 32F (NAYS) 24. 30. . 31. 31. 24. DAYS ABOVE 42F (DAYS) 8. 21. 28. 25-6 9. 
DAYS ABOVE 28F (DAYS) 28. 30. 31. 31. 27. DEG DAYS ABOVE 28F { F) 678. 84%. 1008. 939. 650. 
DEG DAYS ABOVE 32F ( F) 5550 24. S884. S15. 531. NEG DAYS ABOVE 42F ( F) 266. 424. 574. 505. 254. 
POT. FVAPOTRANS. (IN) 3.0 3.9 4.7 4.0 2.4 ACT. EVAPOTRANS. (IN) 3.0 3.6 3.5 2.3 2.0 
WATER MEFICIENCY (TN) 9.9 o.3 1.2 1.7 + DAY - LENGTH (HRS) 15.7 16.5 16.2 14.5 12.5 
FROST-FREE PFRIOD (MAYS) 99. KILLING FROST-FREF PERION (DAYS) 133. 


CLIMATIC REGION 6 


VERMILION A 


FLEVATION 2037 FEET LONGITUNE 53 at 0 LATITUDE 110 50 0 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 49.7 564.8 62.9 59.4 49.6 PRECIPITATION (IN) 1.4 2.7 2-1 361 1.5 
MAX. TEMPFRATURE ( F) 63.2 69.4 75.1 72.0 61.7 MIN. TEMPERATURE ( F) 36.8 44.7 4943 47.4 38.0 
DAYS ABNVE 32F (DAYS) 22. 29. 3. Ble 23. NAYS ARNVE 42F (OAYS) 7. 20. 27. 25. 9. 
DAYS ABOVE 28F (DAYS) 26. 39. 31. 31. 27. DEG DAYS AROVE 28F [ F) 674. 365. L053. 975. 648. 
OFG DAYS ABOVF 32F ( F) Sale YAR. F297 SSI S205 DEG DAYS ABOVE 42F ( F) 265. 445. 619. S4le 754. 
POT. FVAPOTRANS. (IN) 3.0 4e1 4.3 4<1 2.3 ACT. FVAPOTRANS. (IN) 3.0 3.6 3.1 2.9 1.4% 
WATFR DFFICTFNCY (IND 0.0 0.5 1-7 1.2 O.9 NAY - LENGTH (HRS) 15.7 16.6 16.2 1465 12.5 
FROST~FREE PERIOD (DAYS) 9%. KILLING FROST-FREE PERIOD (DAYS) 119. 


CLIMATIC REGION 7 


BEAVERLODGE 
FLEVATION 2500 FEET LONGITUDE 55 11 i?) LATITUDE 119 22 ° 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MFAN TEMPERATURE ( F) SS.) SS.k S926 ST 4901 PRECIPITATION (TN) 1.6 2.9 2.4 2.6 1.3 
MAX. TEMPERATURE ( F) 59-5 66.7 71.5 69.5 60.0 MIN. TEMPERATURE ( F) 37.1 44.0 48.0 46.4 38.6 
GAYS ABNVE 32F (DAYS) 23. 30. Ble 31. 24. DAYS ABOVE 42F (OAYS) 8. 18. 27. 23. 9 
NAYS ABNVE 28F (DAYS) 78. 30. 31. 31. 27. DEG DAYS ABOVE 28F ( F) 624. 812. 979% 921. 6326 
NFG DAYS ASOVF 32F ( F) S02. 692. 855. 797. 514. DEG DAYS ARNVE 42F ( F) 2202 392. 546. 487. 236. 
POT. EVAPOTRANS. (IN) 2.8 3.9 4.6 4.0 2.4 ACT. EVAPOTRANS. (IN) 2.8 3.7 3.2 2.4 1.3 
WATER DEFICIENCY CIN) 0.0 0-2 n+ ‘2.6 {.] DAY - LENGTH (HRS) 16.0 17.2 16.6 14.7 12.5 
FROST-FREE PERIOD (DAYS) 110. KILLING FROST-FREE PERIOD (DAYS) 135. 


CLIMATIC REGION 7 


MOUCETTE LOOKOUT } 


ELEVATION 2000 FEFT LONGITUDE 55 49 0 LATITUDE 114 16 Ve) 

MAY “JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 43.3 5564 59.8 ST.l 45.9 PRECIPITATION (IN) 2.0 3.1 4.2 3.0 1.4 
MAX. TEMPERATURE ( F) 59.1 66.1 70.9 67.5 5h.2 MIN. TEMPERATURE ( F) 37.9 4522 49.1 47.2 38.7 
DAYS ABOVE 32F (DAYS) 23. 30. 3le 31. 24. DAYS AROVE 42F (DAYS) 10. 21. 29. 266 10. 
DAYS ABOVE 2AF (DAYS) 28. 30. 31. 31. 27. DEG DAYS ABOVE 28F ( F) 630. 823. 984. 901. 615. 
DEG DAYS ABOVE 32F ( FD) 510. 703. 960. 777. 497. MEG DAYS ABOVE 42F t F) 2322 404. 550. 469. 227. 
POT. EVAPOTRANS. CIN) 2.8 4.0 47 3.9 2.3 ACT. EVAPOTRANS. (IN) 2.8 3.7 4.5 3.2 1.7 
WATER DEFICIENCY (IN) 9.0 O-3 O22 OF OFS OAY - LENGTH (HRS) 16.1 17.3 1667 14.8 12.5 


FROST-FREE PERIOD (DAYS) 109. : KILLING FROST-FREE PERIOD (DAYS) 135. 
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CLIMATIC REGION 7 


FLEVATION 2190 FEET 


MEAN TEMPFRATURF ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABNVE 32F (DAYS) 
DAYS ABOVF 28F (DAYS) 
NEG DAYS ABNVE 32F ( F) 
PONT. FVAPOTRANS. (IN) 
WATER DFFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 7 


ELEVATION 2160 FFET 


MEAN TEMPERATURE ( F) 
MAX. TEMPFRATURE { F) 
DAYS ABOVE 32F [(OAYS) 
DAYS ABOVE 28F (DAYS) 
MEG DAYS ABOVE 32F ( F) 
PNT. EVAPOTRANS. {IN) 
WATER DFFICIENCY (IN) 
FROST-FREF PERIOD (DAYS) 


CLIMATIC REGION 8 


ELEVATION 2250 FFFT 


MEAN TEMPFRATURE ( F) 
MAX. TEMPERATURE ( F) 
NAYS ABNVE 32F (NAYS) 
DAYS ABOVF 28F (NAYS) 
DEG DAYS ABOVE 32F { F) 
POT. FVAPOTRANS. (IN) 
WATER MEFICLENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 5 


ELEVATION 1784 FFET 


MEAN 
MAX. 


TEMPERATURE ( F) 
TEMPFRATURE [( F) 
DAYS ABOVE 32F (DAYS) 
RAYS ABOVE 28F (NAYS) 
DFG DAYS ASOVE 32F { F) 
POT. EVAPOTRANS. (IN) 
WATER NEFICIENCY (IN) 
FROST-FREE PERTOD (DAYS) 


CLIMATIC RFGION 9 


ELFVATION 1900 FEET 


MEAN TEMPERATURE ( F) 
MAX. TFMPERATURE [{ F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABNVE 28F (DAYS) 
DEG DAYS ABNVE 32F ( F) 
POT. EVAPOTRANS. CIN) 
WATER DEFICIENCY CIN) 
FROST-FREE PERIOD {NDAYS) 


LONGITUDE 
MAY JUNE 
49.2 56.3 
60.9 67.9 
24-6 30. 
29. 30. 
535. 730. 
2.9 4.0 
9.0 o-3 
120. 
LONGITUDE 
MAY JUNE 
49.6 55.9 
60.8 68.2 
25. 30. 
29.6 30. 
547. T4be 
2.9 4.1 
9.0 0.6 
122. 


55 
JULY 


60.9 

72.5 
31. 
3L. 

894. 
4.7 
0.6 


56 
JULY 


61.2 
72.5 
31. 
31. 
905. 
4.8 
1-3 


LONGITUDE 54 


MAY JUNE 
42.5 54.4 
58.7 64.4 
7a ee a oie 
28. 29 
536. 704. 
2.8 3.8 
0.9 0-2 
121. 
LONGITUDE 
MAY JUNE 
49.8 57.6 
61.6 68.9 
256 30. 
28. 30.4 
553. 768. 
2e9.” And 
9.9 O46 
98. 
LONGITUDE 
MAY “JUNE 
4905 5669 
62.7 69.3 
236 306 
266 306 
546. T4b. 
3.0 4-0 
0.0 0.6 
194. 


JULY 


58.1 
67.3 
29. 
29. 
856. 
4.7 
1.6 


54 
JULY 


62.7 
73.7 
31. 
31. 
950. 
4-9 
1.3 


54 
JULY 


62.1 

74.24% 
31. 
31. 

933. 
4.9 
Ls 


GRAND PRAIRIE A 


i 

AUG SEPT 
58.9 49.7 
70.5 61.1 

Ble 256 

3l. 27% 
832. 531. 

4.0 244 

1.4 1.2 

FAIRVIEW 

4 

AUG SEPT 
59.0 49.8 
70-1 60.4% 

31. 25. 

31. 28. 
836. 533. 

4.0 2.3 

i ee] 

ME ANOOK 
zy to) 

AUG SEPT 
59.2 49.8 
69.2 58.8 

31. 26. 

Ble 2s 
846. 536.6 

4e1 204 

0.9 0-7 


COLD LAKE A 


25 0 
AUG SEPT 
59.8 49.6 
70.5 6061 
aie) (e2e. 
Ble 28. 
863. 530. 
4.1 2.3 
1.3 0.7 
IRON RIVER 
25 0 
AUG SEPT 
551 4963 
Tle 6l1el 
Sk« «in 
Sta she 
840. 519. 
4.0 2.3 
1. o-7 


LATITUDE 118 53 i) 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
DAY — LENGTH (HRS) 


KILLING FROST-FREE PERIOO (DAYS) 


LATITUDE 118 23 i] 


PRECIPITATION (IND 

MIN. TEMPERATURE ( FP 
DAYS ABOVE 42F (DAYS) 
NEG DAYS ABOVE 28F { F) 
DEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD { DAYS) 


LATITUDE 113 21 0 


PRECIPITATION CIN) 

MIN. TEMPERATURE ( F) 
NAYS ABOVE 42F (DAYS) 
DEG DAYS ABNVE 28F ( F) 
NEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. {IN) 
DAY ~ LENGTH (HRS) 


KILLING FROST-FRFE PERIOD (DAYS) 


LATITUDE 110 17 te) 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
OEG NAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (CIN) 
DAY — LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


LATITUDE LLL ce) °o 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVF 28F ( F) 


DEG NAYS ABOVE 42F ( F) 


ACT. EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


MAY 


1.5 
38.0 
8. 
657. 
247. 
2.9 
16.0 


MAY 


1.5 
38.8 
9. 
669. 
259. 
2.9 
16.2 


MAY 


1.8 
38.7 
12. 
654. 
260. 
2.8 
15.9 


MAY 


1.5 
38.4 
9. 
676. 
266. 
2.9 
15.9 


MAY 


1.6 
37.0 
8. 
668. 
257. 
3.90 
15.9 


JUNE JULY 
3.0 264 
45.3 49.7 
21. 29. 
850. LOLS. 
430. SB4. 
3.7 3.3 
17.2 16.6 
139. 
JUNE JULY 
2-4 3.0 
46.1 50.4 
22. 30. 
866. 1029. 
446. 595. 
3.5 3.5 
17.3 16.8 
146. 
JUNE JULY 
3.2 2.8 
45.0 49.3 
23. 29. 
819. 972. 
413. 568. 
3.6 3.7 
17.1 «16.5 
148. 
JUNE JULY 
2.7 3.2 
46.8 52.0 
23. 30. 
888. LOTS. 
463. 640. 
3.8 3.6 
17.0 16.4 
137. 
JUNE JULY 
2-6 2.9 
44.9 50.3 
21. 29. 
866. LOST. 
446. 623. 
3.4 3.4 
17.0 15.4 
127. 


AUG 


244 
41.7 
26. 
956. 
522. 
2.6 
14.7 


AUG 


1.9 
48.3 
27. 
960. 
526. 
2.1 
14.8 


AUG 


3.1 
49.8 
28. 
970. 
537. 
3.2 
14.7 


AUG 


3.0 
49.7 
236 
987. 
553. 
2.8 
14.6 


167 


SEPT 


0.9 
39.5 
Il. 
652. 
2566 
1.2 
12.5 


SEPT 


1.8 
41.3 
15. 
655. 
260. 
1.7 
12.5 


SEPT 


1.7 
39.7 
ll. 
649. 
253. 
1.6 
12.5 
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CLIMATIC REGION 9 


FLEVATION 1835 FEET 


MEAN TEMPERATURE ( F) 
MAX, TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
OFG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. CIN) 
WATER DEFICIENCY CIN) 
FROST-FREE PERIOD (OAYS) 


CLIMATIC REGION 10 


FLFVATION 3580 FEET 


MEAN 
MAX. 


TEMPERATURE {( F) 
TEMPERATURE ( F) 
DAVS ASOVF 32F (DAYS) 
MAYS AROVE 28F (DAYS) 
DEG OAYS ABOVE 32F { F? 
PNT. FYAPOTRANS. (IN) 
WATFR OFFICIENCY CIN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 19 


ELFVATION 3850 FFET 


MEAN 
MAX. 


TEMPERATURE ( F) 
TEMPERATURE ( F) 
DAYS ABNVE 32F (NAYS? 
NAYS ABOVE 23F UDAYS) 
NEG OAYS ABOVE 32F ( F) 
POT. EVAPOTO ANS. (TN) 
WATE? DEFICIENCY LI1N) 
FROST-FREE PFRION (OAYS) 


CLIMATIC REGION 10 


ELEVATION 2910 FEFT 


MFAN 
MAX. 


TEMPERATURF ( F) 
TEMPFRATURE ( F) 
OAYS ARNVE 322F (DAYS) 
BAYS ABNVE 28F (NAYS) 
DFG NAYS ABOVE 32F [ F) 
PNT. EVAPOTR ANS. CIN) 
WATFR DFFICTFENCY (IN) 
FPOST-FRFF PERIOD (OAYS) 


CLIMATIC RFGION 10 


ELEVATION 4050 FFFT 


MEAN TEMPERATURE ( F) 
MAX. TEMPFRATURE ( F) 
DAYS ABNVE 32F (DAYS) 
DAYS ABAVE 728F (DAYS) 
DEG DAYS ABOVE 32F [ F) 
POT. EVAPOTRANS. (IN) 
WATER DFFICIENCY LIN) 
FROST-FREE PERIOD (DAYS) 


LONGITUDE 
MAY JUNE 
49.1 56.6 
61.1 68.2 
aan, 2ae 
wie 3G 
541. 744. 
oan he? 
G.0, XS 
104. 
LONGITUDE 
MAY JUNE 
45.8 52.8 
54.9 62.0 
235 | 29s 
rt ai (8 
436. 623. 
ae A 
Gath Gat 
109. 
LONGITUDE 
MAY JUNE 
A6e3 5208 
55.2 62.0 
Zhe eit 
26. 30 
447. 625.6 
ae 
9.0 0.0 
194. 
LONGITUDE 
MAY JUNE 
46.1 52-9 
Bb sO bter 
Poe) eels 
26a aie 
443. 628. 
i ae 
9.0 0.0 
105. 
LONGITUDE 
MAY JUNE 
45.1 51.8 
54.7 6146 
ie etn 
me,” ie 
412. 5956 
aot; eee 
0.0 0.0 
103. 


54 
JULY 


61.7 
73.1 
31. 
31. 
942. 
4.8 
l.o 


54 
JULY 


57.2 

67.9 
31. 
31. 

780. 
4.4 
O.2% 


55 
JULY 


57.1 
66.9 
31. 
31. 
780. 
444% 
O-! 


55 
JULY 


57.1 
66.0 
296 
29. 
783i. 
44% 
6.3 


54 
JULY 


56.5 
66.7 
31. 
3. 
Tbl. 
4e4 
o.3 


LAC LA BICHE 


LATITUDE 111 58 i) 


PRECIPITATION (IN) 
TEMPERATURE ( F) 
MAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( *) 
EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


LOOKOUT 


LATITUDE 115 9 0 


PRECIPITATION (IND 
TEMPERATURE ( F) 
DAYS ABOVE 42F (NAYS) 
OFG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( F) 
EVAPOTRANS. (IN) 
NAY - LENGTH (HRS) 


KILLING FROST-FREE PERION (DAYS) 


LATITUDE 115 36 590 


PRECIPITATION (IN) 
TEMPERATURE U F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F { F) 
NEG DAYS AANVE 42F ( F) 
EVAPOTRANS. (IN) 
DAY — LENGTH (HRS) 


KILLING FROST-FREF PERIOO (DAYS) 


LATITUDE 11L 29 0 


PRECIPITATION CIN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F UC F) 
DEG DAYS AROVF 42F ¢ F) 
EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


LATITUDE 118 58 i) 


PRECIPITATION (CIN) 
TEMPERATURE Ut F) 
DAYS ABOVE 42F (DAYS) 
NEG DAYS ABOVE 28F ( F) 
DEG DAYS ARNVE 42F ( F) 
EVAPOTRANS. (IN) 


46 0 
AUG SEPT 
59.3 47.3 
70.5 59.9 MIN. 
af. oma 
ee 
849. 529. 
wel” 243 ACT. 
ia. Be 
DEER MOUNTAIN 
55 0 
AUG SEPT 
55.0 46.8 
63.9 54.7 MIN. 
a1. | 25% 
ae’ | 2h 
7136 447. 
Se. oe ACT. 
0.4 0.3 
HOUSE MOUNTAIN LO. 
2 42 
AUG SEPT 
55.0 46.7 
63-7 545 MIN. 
aie? atk. 
ate aos 
TELS 466% 
TON ee ACT. 
0.4 0-3 
HFART LAKE LOOKOUT 
0 15 
AUG SEPT 
56.1 46.5 
64.7 54.6 
le ae 
a 2 
748. 438. 
ce ee ey ACT. 
0.3 9.3 
KAKUA LOOKOUT 
25 30 
AUG SEPT 
$5.7 “46.3 
64.6 55.7 MIN. 
40. | 2h 
ai | “adhe 
704. 433- 
£20 oad ACT. 
°.8 OF 


DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


MAY 


1.5 
37.5 
8. 
663. 
258. 
2.9 
15.9 


MAY 


3.2 
37.3 
8. 
5556 
169. 
2.4 
15.9 


MAY 


2.5 
37.9 
9. 
568. 
176. 
2.6 
15.9 


15.9 


MAY 


2.7 
36.0 
5. 
533. 
151. 
2.7 
15.9 


JUNE JULY 
2.7 3.2 
45.5 50.8 
21. 29. 
864. 1066. 
444%, 6324 
3.6 3.8 
17.1 16.5 
134. 
JUNE JULY 
3.7 4.6 
44.1 47.8 
19. 27. 
743. 904%. 
326. 470. 
3-7 4.2 
17.1 1645 
140. 
JUNE JULY 
4.3 4.2 
44.3 47.9 
20. 27. 
T45. 904. 
328. 470. 
3.8 4.3 
17.1 16.65 
141. 
JUNE JULY 
3.9 4.4% 
44.1 48.7 
20. 28. 
T47. 902. 
337. 4435. 
3.8 4.1 
17.1 «16.5 
126. 
JUNE JULY 
4.3 3.2 
42.5 46.8 
1S. 26. 
715. 885. 
297. 451. 
3.7 4el 
17.0 16.4 
134. 


AUG 


2.9 
48.6 
26. 
973. 
539. 
2.8 
14.7 


AUG 


4.3 
46.6 
25-6 
837. 
404. 
3.4 
14.7 


AUG 


3.9 
46.7 
24. 
835. 
403. 
364 
14.7 


AUG 


3.9 
48.0 
26. 
8712. 
440. 
3.6 
14.7 


AUG 


4.0 
45.3 
23. 
828. 
396. 
3.0 
14.6 


168 


SEPT 


1.9 
39.1 
10. 
649. 
252. 
1.7 
12.5 


SEPT 


2-0 
39.4 
Il. 
565. 
185. 
2.0 
12.5 


SEPT 


2-1 
39.3 
10. 
562. 
181. 
1.9 
12.5 


SEPT 


3.0 
38.9 
10. 
555. 
186. 
1.9 
12.5 
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CLIMATIC RFGION 10 


MARTEN MOUNTAIN LO. 


ELEVATION 3350 FFEFT LONGITUDE 55 29 30 LATITUDE 114 41 19 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE [ F) 43.9 32.6 St.1 54.7 “46.3 PRECIPITATION (IN) 1.9 3.8 4-1 3.6 1.9 
MAX. TEMPERATURE ( F) 54.5 60.8 65.0 62.0 53.7 MIN. TEMPERATURE ( F) 37.7 456% 49.6 47.4.9 39.4 
DAYS ABOVE 32F (DAYS) 23. 30. 31. 31. 24. DAYS AROVE 42F (DAYS) 9. 21. 29. 27. 10. 
DAYS ABOVE 28F (DAYS) 27. 30. 31. 31. 27. NFG DAYS ABOVE 28F [ F) 556. 1746. 902. 829. 550. 
DEG DAYS ABOVE 32F ( F) 436. 626. T78. 705. 432. DEG DAYS ABOVE 42F { F) 172. 329. 468. 398. 1756 
POT. EVAPOTRANS. (IN) 2.6 3.8 4.5 3.8 2.2 ACT. EVAPOTRANS. (IN) 2.6 3.7 4.3 3.2 1.9 
WATER DEFICIENCY (IN) 0.0 oO. 0-2 °.6 o.2 DAY - LENGTH (HRS) 16.0 17.2 16.7 14.8 1265 
FROST-FREE PERIOD (NAYS) 110. KILLING FROST-FREE PERIOD (DAYS) 134. 


CLIMATIC REGION 10 


PELICAN MOUNTAIN LO. 


ELEVATION 3000 FEET LONGITUDE 55 37 10] LATITUDE 113 34 oO 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 47.1 53.6 S8.1 55.2 44.9 PRECIPITATION (CIN) 2.5 4.1 3.9 3.1 2.3 
MAX. TEMPERATURE ( F) 56.7 63.4 68.3 64.8 53.6 MIN. TEMPERATURE ({ F) 38.0 44.2 48.4 46.1 36.7 
DAYS ASNVE 32F (DAYS) 25.- 30. 31. 31. 24. OAYS ABOVE 42F (DAYS) 8. 19. 28. 25. 9. 
OAYS ABOVE 28F (DAYS) 29. 30. 31. 31. 27. DEG DAYS ABOVE 28F ( F) 593. T6T. 933. 843. S74. 
DFG DAYS ABOVE 32F { F) 471. 647, 809. 720. 456. DEG DAYS ABNVE 42F ( F) 198. 350. 499. 413. 1966 
POT. FVAPOTRANS. CIN) 2.8 3.8 4.5 3.8 2.3 ACT. EVAPOTRANS. {IN) 2.8 3.6 4.2 3.1 1.9 
WATER DEFICIENCY (IN) 0.0 0.2 0.3 0.7 O.4 DAY - LENGTH (HRS) 16.1 17.3 16.7 14.8 12.5 
FROST-FREE PERIOD (MAYS) 110. KILLING FROST-FREE PERIOD (DAYS) 141. 


CLIMATIC REGION 10 


PIMPLE LOOKOUT 


ELFVATION 2619 FEET LONGITUDE 54 29 45 LATITUDE 115 27- 50 
MAY JUNE JULY AUG SFPT MAY JUNE JULY AUG SEPT 
MFAN TEMPERATURE ( TF) 46.3 5202 56.7 54.66 46.7 PRECIPITATION (IN) 2.1 3.6 3.7 3.3 1.2 
BAX. TEMPERATURE ( F) 55.0 61.2 66.2 63.3 54.6 MIN. TEMPERATURE ( F) 38.0 43.8 47.7 46.3 39.3 
DAYS ABNVF 32F (DAYS) 256 30. 31. 31. 25. DAYS ABOVE 42F (DAYS) 8. 18. 26. 24-6 10. 
NAYS ABOVE 28F (PAYS) 296 an. 31. 31. 28. DEG DAYS ABNVE 28F ( F) 568. 727. 890. 824. 562. 
GEG PAYS ABOVE 32F ( F) 446. 607. T6665. 700. 444. DEG DAYS ABOVE 42F ( F) 171, 309. 456. 391- I77. 
POT. EVAPCTAANS. (IN) 2.7 3.7 4.4 3.8 2.2 ACT. EVAPOTRANS. (IN) 2.7 3.6 3.9 3.2 1.8 
WATER DEFICTENCY (IN) 9.0 o.1 oF Of 0.9 DAY - LENGTH (HRS) 15.9 17.0 16.64 14.7 12.65 

FROST-FREE PERIND (DAYS) 112. KILLING FROST-FREE PERIOO (DAYS) 143. 


CLIMATIC REGION 10 


SWAN DIVE LOOKOUT 


ELFVATINN 4174 FEET LONGITUDE 54 43 38 LATITUDE 115 13 ° 
MAY, JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPFRATURE ( F) 4507 S205 STo% 55el 4602 PRECIPITATION (IN) 2.5 3.5 4.4 3.8 1.7 
MAX. TEMPERATURE ¢€ F) 54.2 61.7 66.9 63.6 54.0 MIN. TEMPERATURE { F) 37.7 43.8 48.4% 47.0 38.8 
DAYS ASNVF 32F (DAYS) 256 29. 31. Ne 24. DAYS ABOVE 42F (DAYS) 8. 18. 27. 256 10. 
DAYS ARNVE 28F (NAYS) 28. 30. 31. 31. 27. DEG DAYS ABOVE 28F { F) 548. 736. 9134 839. 548. 
MEG DAYS APOVE 32F i F) 428. 616. 789. 715. 431. DEG DAYS ABOVE 42F ( F) 166. 319. 479. 406. 177. 
POT. EVAPOTRANS. CIN) 2.6 3.8 424 3.8 22 ACT. EVAPOTRANS. (IN) 2.6 3.6 4.2 3.1 1.8 
WATER NEFICTENCY TIN) 0.0 o.2 0-2 6.7 0.3 DAY -— LENGTH (HRS) 15.9 17.L 16.5 14.7 1265 

FROST-FREE PERIOD (DAYS) 1046 KILLING FROST-FREE PERIOD (DAYS) 144. 


CLIMATIC REGION 1 


ATHABASCA j 

FLFVATION 1700 FEFYT LONGITUDE 54 43 ° LATITUDE 113 17 ie) 

MAY ‘JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
‘MEAN TEMPFRATURE ( F) 48.3 54.6 60.2 58.0 48.8 PRECIPITATION (IN) 2.2 2.9 3.0 3.1 1.5 
MAX. TEMPERATURE ( F) 62.8 69.6 75.2 172.3 62.0 MIN. TEMPERATURE ( F) 3403 40.1 45.7 44.2 36.0 
NAYS ABOVE 32F (DAYS) 18. 27. 31. 31. 21. DAYS AROVE 42F (MAYS) 4 10. 22. aoe: 6. 
NAYS ABOVE 7PF CDAYS) 24-6 296 31. 31. 27. DEG DAYS ABOVE 28F ( F) 631. 805. 998, 929. 623. 
NEG OAYS ABOVE 32F ( F) 509. 687. 874. 805. 504, DEG DAYS AROVE 42F ( F) 2252 392. 565. 495. 227. 
PAT. EVAPOTRANS. CIN) 2-9 3.9 4.7 4.0 223 ACT. EVAPOTRANS. (IN) 2.9 3.5 3.4 3.1 146 
WATER NEFICIFNCY CIN) 0.0 O-4 1.3 0.9 0.7 DAY - LENGTH (HRS) 15.9 L7.L 16.5 14.7 12.5 


FROST-FREE PERIND (DAYS) 5336 KILLING FROST-FREF PERIOD (DAYS) 115. 
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CLIMATIC REGION ll 


CAMPSIE 
ELEVATION 2200 FEET LONGITUDE 54 8 Qo LATITUDE 114 41 ° 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE [ F) 48.8 55.5 60.2 5766 48.9 PRECIPITATION (IND 1.6 3.2 2.9 342 1.2 
MAX. TEMPERATURE ( F) 62.5 68.7 73.5 70.5 61.7 MIN. TEMPERATURE ( F) 3507 42-8 47.65 45.1 36.6 
DAYS ABOVE 32F (DAYS) 20. 28. 31. 30. 21. DAYS ABOVE 42F (DAYS) 6. 17. 24. 21. Te. 
DAYS ABOVE 28F (DAYS) 25. 30. 31. 31. 26. DEG DAYS ABOVE 28F ( F) 645. 825. 1001. 920. 628.4 
DEG DAYS ABOVE 32F ( F) 523. 705. 878. 797. 508. DEG DAYS ABOVE 42F ( F) 2352 406. 569. 488. 229. 
POT. EVAPOTRANS. CIN) 2.9 4.0 4.7 3.9 2.3 ACT. EVAPOTRANS. (CIN) 2.9 3.7 3.8 2.9 1.5 
WATER DEFICIENCY (IN) 0.0 9.3 0.9 1.0 og DAY — LENGTH (HRS) 15.8 1669 1663 1466 1265 
FROST-FREE PERIOO (DAYS) The KILLING FROST-FREE PERIOD (DAYS) 113. 
CLIMATIC REGION ll 
EDSON 
FLEVATION 3033 FEET LONGITUDE 53 35 ° LATITUDE 116 25 ° 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 47.0 54.0 58.5 56-66 48.3 PRECIPITATION (IN) 2-3 3.2 4-1 3-1 1.7 
MAX. TEMPERATURE ( F) 60.3 67.4 72.8 TO.1 61.5 MIN. TEMPERATURE { F) 34-2 4lel 44.7 43.6 35.6 
OAYS ABOVE 32F (DAYS) 18. 27. 30. 30- 21. DAYS ABOVE 42F (DAYS) 4s 13. 22. 18. 5. 
DAYS ABNVE 28F (DAYS) 25-6 30. 31. 31. 256 DEG DAYS ABOVE 28F C F) S84. 790. 975. DI1LTe 6276 
NEG DAYS ABOVE 32F ( F) 461. 670. 851. 793. 508. DEG DAYS ABOVE 42F [ F) 180. 371. S4le 483. 2296 
POT. EVAPOTRANS. (IN) 2.8 3.8 4.5 3.9 2.3 ACT. EVAPOTRANS. (IN) 2.8 3.8 4.2 3.4 1.9 
WATER DEFICIENCY (IN) 0.0 0.0 0.3 15 OF DAY - LENGTH (HRS) 15.8 16.8 16.2 14-66 12-5 
FROST-FREE PERIOD (DAYS) Tle KILLING FROST-FREE PERIOD (DAYS) 113. 
CLIMATIC REGION 1l 
ENTRANCE 
ELEVATION 3225 FEET LONGITUDE 53 22 2 LATITUDE 117 43 10 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 46.2 53.0 5764 55.8 47.5 PRECIPITATION (IN) 2.2 3.3 2.6 3.3 1.7 
MAX. TEMPERATURE ( F) 59.8 66.6 72.3 70.4 61.2 MIN. TEMPERATURE ( F) 33.1 39.8 43.0 4127 34.3 
DAYS ABOVE 32F (DAYS) 16. 27. 30. 30. 18. DAYS ABOVE 42F (DAYS) 26 9. 17. 12. ae 
NAYS ABOVE 28F (DAYS) 24. 30. 31. 31. 256 DEG DAYS ABOVE 28F ( F) 565 750. 912. 862. 586. 
DEG DAYS ABOVE 32F ( F) 443. 630. 788. 738. 467. DEG DAYS ABOVE 42F ( F) 165. 330. 481. 429. 193.4 
PNT. EVAPOTRANS. CIN) 2.7 3.8 4.5 3.8 2.4 ACT. FEVAPOTRANS. (IN) 2-7 3.5 3.8 2.9 1.7 
WATER DEFICIENCY (IND 0.0 o.3 8.7 0.9 9.7 DAY - LENGTH (HRS) 15-7 1667 16.2 14.65 12.5 
FROST-FREE PERIOD (DAYS) 59. KILLING FROST-FREE PERIOD (DAYS) 112. 
CLIMATIC REGION ll 
HINTON 
ELEVATION 3325 FEET LONGITUDE 53 24 0 LATITUDE 117 33 i) 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 46.9 53.8 58.2 56.4 48.4% PRECIPITATION (IN) 2.5 3.8 2-9 3.5 1.6 
MAX. TEMPERATURE ( F) 60.5 6768 73.2 70.7 61-7 MIN. TEMPERATURE ( F) 33.7 40.2 43.7 42.7 35.6 
DAYS ABOVE 32F {DAYS) 18. 27. 30. 30. 19. OAYS ABOVE 42F (DAYS) 4s lle 19 16. 5. 
DAYS ABOVE 28F (DAYS) 24. 30. 31. 31. 26. DEG DAYS ABOVE 28F ( F) 585. 773. 937. 881. 6126 
DEG DAYS ABOVE 32F t F) 462. 653-6 813. 757. 493. DEG DAYS ABOVE 42F ( F) 181. 353. S06. 448. 217. 
POT. FVAPOTRANS. (IN) 2.7 3.8 4.5 3.9 2-3 ACT. EVAPOTRANS. (CIN) 2.7 3.8 3.8 2.8 1.6 
WATER DEFICIENCY (IN) 0.0 6.90 0.7 Og °.7 DAY — LENGTH (HRS) 15-7 16.7 16562 1465 1245 
FROST-FREE PERIOD (DAYS) 60. KILLING FROST-FREE PERIOD (DAYS) 114. 
CLIMATIC REGION ll 
NE WBROOK 
ELEVATION 2200 FEET LONGITUDE 54 20 ° LATITUDE 112 57 °o 
MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT 
MEAN TEMPERATURE ( F) 438.0 Sheo4 58.2 STL 4769 PRECIPITATION (IND 1.4 2.7 2.7 2.8 1.7 
MAX. TEMPERATURE ( F) 61.2 67.3 70.7 170.2 60.1 MIN. TEMPERATURE ( F) 35-3 42-1 46.3 44.6 3662 
DAYS ABOVE 32F (DAYS) 206 28. 31. 39. 20. DAYS ABOVE 42F (DAYS) 6. 14. 23. 19. 6. 
DAYS ABOVE 28F (DAYS) 266 30. 3le 3le 266 DEG DAYS ABOVE 28F ( FI 624. TIB. 947. 904. 5S9Te 
OEG DAYS ABOVE 32F { F) 503. 679. 826. 780. 479. NEG DAYS ABOVE 42F ( F) 221. 382. 525. 470. 208. 
POT. EVAPOTRANS. CIN) 2.9 3.9 4.6 3.9 2.3 ACT. EVAPOTRANS. CIN) 2.9 3.6 3.2 2.8 1.6 
WATER DEFICTENCY fIN) 0.0 °.3 [-¢ 0.9 0.7 DAY - LENGTH (HRS) 15.8 L720 1664 14.66 1245 


FROST-FREE PERIOD (DAYS) 75. KILLING FROST-FREE PERIOD (DAYS) 1L4. 


T= rer. tie 


{ oe - - 
yee ra oft 
- aa 
= 


wo okt 8 re ¢ © of @edvrpey 


bs 7 =a 
ti iy t.08 6.98 
om face : 2 o.it Vale 2,84 
' ‘ evew, sat =e 
2 . f aff «Et at 
- » ‘ee or 
t,¢ wt t.. [+ Ch 
s.4 ee eI 6.7 «WE VORP a Ree 


: ti ‘ 4 * sve) OODALY BEES 
: +p, 7 ih 


2 eee 
i om = 
’ 
4 . 
i : ve, 
Owe, gee 
> 8 &@ Seltiane il eee wor 
= oy > iw a 
‘ vs ber vse - 2 
i at Ge ote 13) SepTensen ey We 
ia * 127 « *? t.68 (% |) Serta or" 
— : or ; ¢ «O08, : <i ss AWAG AE 
, te aff a. A sever) 4%: 
d +? «ft ae tte ms 2cr Re 
fos 8% 8 mn) «a 
L : > 65 ee wi) hee eta 
< ’ -— a tPA) COTES” DER ete 
- ae 
- ii 
“ 
<= ~ = utes 
: $ [ © soul, 249 
3 er ’ 
we a vey we Tan 
. 7 2 2 
: , th 9.62 fae Ah 
7 : ts f (.5T s.a2 Ast? 4 
: ; af a¥S oe | r% 
“ . 4 ' +e < itvasy Wt. 
; BP shld - «Eee 1%) 282 Wrage et 
“+ t , Be” tet? aA a TOR 
. ; ; t rs ‘ £2 ‘Geb «ety TREE Se 
, : end. ' PEAS : i . 1240) aGI62 
7 . os ad 
7 — 
? 
Merry bet " 
f I { 7 . ae ° scurta _ v 
4 j \ ‘ e o 1 e>.« 42, tad favo we 
: ‘ T 


We ‘Mas woL ain 7H 
- 5 v 


4.08 res 4 eae 
ST 


CLIMATIC REGION 11 


ELFVATION 2430 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABNVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER OEFICIENCY (IN) 
FROST-FREE PERIOO (DAYS) 


CLIMATIC REGION 12 


FLFVATION 1920 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (NAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (CIN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


CLIMATIC REGION 12 


ELEVATION 2050 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F {(OAYS) 
DEG DAYS ASOVE 32F ( F) 
POT. EVAPOTRANS. {IN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD {OAYS) 


CLIMATIC REGION 13 


ELEVATION 2050 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE [ F) 
OAYS ABOVE 32F (DAYS) 
OAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. CIN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOO (DAYS) 


CLIMATIC REGION 13 


ELEVATION 2250 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE [ F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F {DAYS) 
DEG DAYS ABOVE 32F t F) 
POT. EVAPOTRANS. CIN) 
WATER DEFICIENCY (IN) 
FROST-FREE PERIOD (DAYS) 


LONGITUDE 54 


MAY JUNE 
47.4 54.3 
61.0 67.6 

18. 27. 

24. 29. 
482. 669. 

2.8 3.9 

0.0 °.0 

TT. 

LONGITUDE 

MAY JUNE 
49.0 56.8 
62.2 69.5 

21. 29. 

26. 30. 
534. 743. 

2.9 4.0 

0.0 OS 

98. 

LONGITUDE 

MAY JUNE 
48.7 54.1 
61.3 66.4 

225. 028. 

27. 29. 
524. 681. 

520.” Sug 

9.0 Of 

B2. 


JULY 


59.2 
72.8 
31. 
31. 
844. 
4.6 
0.6 


53 
JULY 


61.6 
74.4 
31. 
31. 
920. 
4.8 
0-9? 


54 
JULY 


57.1 
69.4 
29. 
30. 
818. 
4.7 
bet 


LONGITUDE 53 


MAY 


51.3 
63.7 
254 
29. 
600. 
3.0 
0.0 
116. 


JUNE 


58.1 
69.9 
30. 
30. 
TB4. 
4.2 
°.g 


JULY 


62.9 
75.3 
31. 
3le 
958. 
4-9 
1.3 


LONGITUDE 53 


MAY 


50.0 
62.3 
24. 
28. 
560. 
3.0 
0.0 
101. 


“JUNE 


57.0 

62.6 
30. 
30. 

7496 
4.1 
OF 


JULY 


61.9 
73.9 
31. 
31. 
928. 
4.8 
3 


WHI TECOURT 
8 .°) LATITUDE 115 40 ° 
AUG SEPT MAY JUNE JULY 
56.7 47.9 PRECIPITATION (IN) 2.2 3.3 3.5 
69.6 60.6 MIN. TEMPERATURE { F) 34.3 4le% 46.2 
30. 20. DAYS ABOVE 42F (DAYS) 5. 13. 23. 
3le 25. OEG DAYS ABOVE 28F ( F) 604. 789. 968. 
766. 479. DEG DAYS ABOVE 42F ( °F) 199. 370. 53%. 
3.9 2.3 ACT. EVAPOTRANS. (IND 2.8 3.9 4.0 
1.6 0.7 DAY — LENGTH (HRS) 15.8 16.9 16.3 
KILLING FROST-FREE PERIOD (DAYS) 106. 
ELK POINT 
53 ie) LATITUDE 110 54 ° 
AUG SEPT MAY JUNE JULY 
58.9 49.0 PRECIPITATION (IN) 1.5 2.9 2.9 
71.5 61.1 MIN. TEMPERATURE 1 F) 364% 44.5 49.4% 
31. 22. DAYS ABOVE 42F (DAYS) 7. 18. 26. 
3l. 26. NEG DAYS ABOVE 28F { F) 656. 863. 1043. 
835. 513. DFG DAYS ABOVE 42F ( F) 252. 444. 610. 
4.1 2-4 ACT. EVAPOTRANS. (IN) 269 3.5 3.7 
1.3 0-6 DAY - LENGTH (HRS) 15.8 16.9 16.3 
KILLING FROST-FREE PERIOD (DAYS) 118. 
ROCHESTER 
22 ° LATITUDE 113 21 o 
AUG SEPT MAY JUNE JULY 
57.4 48.3 PRECIPITATION (IN) 1.7 2.7 2.8 
69.7 60.4 MIN. TEMPERATURE ( F) 36.6 42.2 45.2 
31. 226 DAYS ABOVE 42F (OAYS) 7. 15. 23. 
31. 26. DEG DAYS ABOVE 28F ( F) 645. 798. 936. 
787. 493. DEG NAYS ABOVE 42F ( F) 239. 388. 523. 
3.9 2.3 ACT. FVAPOTRANS. (IN) 3.0 3.4 3.6 
Ie] 0.9 DAY — LENGTH (HRS) 15.8 17.0 16.4 
KILLING FROST-FREE PERIOD (DAYS) 122. 


FORT SASKATCHEWAN 


43 0 LATITUDE 113 10 ie) 

AUG SEPT MAY JUNE JULY 
60.6 51.2 PRECIPITATION ( IN} 1.5 2.9 2.2 
72.2 62.4 MIN. TEMPERATURE { F) 39.4% 46.9 51.0 

31. 266 DAYS ABOVE 42F (DAYS) ll. 23. 29. 

3le 29. DEG DAYS ABOVE 28F { F) 723- 904 1082. 
886. 576. DEG DAYS ABOVE 42F ( F) 20T. 48%. 648. 

4-2 2.4 ACT. EVAPOTRANS. (IND 3.9 3.4 3.1 

1.3 0.6 DAY - LENGTH (HRS) 15.8 16.8 16.2 

KILLING FROST-FREE PERIOD (DAYS) 142. 
RANFURLY 
/ 

27 te) LATITUDE Lll 39 0 

AUG SEPT MAY JUNE JULY 
59-5 49.7 PRECIPITATION (IN) 1.4% 2.7 3.0 
7TC.9 60.6 MIN. TEMPERATURE ( F) 38.1 45.8 50.5 

31. 24. DAYS ABOVE 42F (DAYS) 9. 22. 29% 

3Le 28. DEG DAYS ABOVE 28F { F) 682. 869. 1052. 
852. 533. DEG DAYS ABOVE 42F ( F) 2726 4&9e 6186 

4.1 2-4 ACT. EVAPOTRANS. (IN): 3.0 3.6 3.5 

1.f 0.7 DAY - LENGTH {HRS) 15.7 16.7 16.2 

KILLING FROST-FREE PERIOD (DAYS) 133. 


AUG 


3.5 
44.3 
19. 
890. 
456. 
3.3 
14.6 


AUG 


2.9 
46.9 
24. 
9596 
525. 
2.8 
14.6 


AUG 


2.8 
45.5 
21. 
9L1l. 
478. 
2.8 
14.6 


AUG 


2.7 
4944 
27. 
1010. 
S76. 
2.4 
14.6 


AUG 


3.1 
48.5 
27. 
976. 
542. 
3.0 
14.5 
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SEPT 


1.2 
35.7 
6 
598. 
205. 
1.6 
12.5 


SEPT 


1.9 
37.5 
8. 
631. 
239. 
1.8 
12.5 


SEPT 


1.4 
36.8 
be 
611. 
222. 
1.4 
12.5 


SEPT 


2.0 
40.4 
12. 
696. 
293. 
1.8 
12.5 
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CLIMATIC REGION 13 


ELEVATION 2315 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F} 
POT. EVAPOTRANS. (IN) 
WATER DEFICIENCY CIN) 
FROST-FREE PERTOD (DAYS) 


CLIMATIC REGION 13 


ELEVATION 2082 FEET 


MEAN TEMPERATURE ( F) 
MAX. TEMPERATURE ( F) 
DAYS ABOVE 32F (DAYS) 
DAYS ABOVE 28F (DAYS) 
DEG DAYS ABOVE 32F ( F) 
POT. EVAPOTRANS. (IN) 
WATER DEFICTENCY (IND 
FROST-FREE PERIOD (OAYS) 


LONGITUDE 
MAY JUNE 
49.7 55.6 
61.4 67.6 
a5. Ufiae6 
29. 30. 
550. 709. 
Asie 28.9 
0.0 oF 
114. 
LONGITUDE 
MAY JUNE 
49.3 55.5 
63.2 69.4 
25. 29. 
Zhe) a 30s 
546. 706. 
ao. ihe 
0.1 0-9 
112. 


53 
JULY 


60.3 
72.6 
31. 
3l. 
878. 
&.T 
1.7 


53 
JULY 


59.4 

75.7 
31. 
31. 

850. 
4.6 
1.6 


SION 

54 0 
AUG SEPT 
580 50.2 
69.4 61.1 
31. 26. 
31. 296 
805. 545. 
4.0 226 
fel 0-8 

VEGREVILLE 

29 0 
AUG SEPT 
58.6 49.0 
72.6 62.3 
31. 24. 
31. 27. 
825. 518. 
4.0 2.5 
1.0 o.8 


LATITUDE 114 8 °o 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
OEG DAYS ABOVE 28F ( F) 
DEG DAYS ABOVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
DAY - LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


LATITUDE 112 3 °o 


PRECIPITATION (IN) 

MIN. TEMPERATURE ( F) 
DAYS ABOVE 42F (DAYS) 
DEG DAYS ABOVE 28F ( F) 
DEG DAYS AROVE 42F ( F) 
ACT. EVAPOTRANS. (IN) 
OAY — LENGTH (HRS) 


KILLING FROST-FREE PERIOD (DAYS) 


MAY 


1.4 
38.4 
10. 
673. 
258. 
3-1 
15.8 


MAY 


1.3 
38.5 
9. 
664. 
292. 
3.2 
15.7 


JUNE JULY 
3.0 2.0 
44.1 48.6 
20. 28. 
829. 1002. 
410. 568. 
3.4 3.0 
16.9 16.3 
141. 
JUNE JULY 
2.6 3.0 
45.3 50.3 
22. 28. 
825. 9973. 
449. 5626 
3-1 3.0 
16.7 16.2 
139. 


AUG 


3.1 
47.0 
26. 
9296 
4956 
2.9 
14.6 


AUG 


2.9 
48.2 
25 
948. 
569. 
3.0 
14.5 
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SEPT 


1.8 
39.7 
Ile 
665. 
259. 
1.8 
12.5 


SEPT 


1.5 
39.1 
ll. 
634%. 
277. 
1.7 
12.5 
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and at Salt Prairie of 52.0°F places these within the same climatic 
type. The June mean daily temperature of 54.1°F at Snuff Mountain 
however, is found within a different climatic type. Likewise, the 
mean June precipitation of 2.8 inches at Wagner and 3.2 inches at 
Salt Prairie are in a climatically different area than the Snuff 
Mountain precipitation total of 3.4 inches. Possibly the distin- 
guishing feature between these three stations is found in the frost- 
free period. Wagner and Salt Prairie have 100 and 96 days respective- 
ly, whereas Snuff Mountain is found to have 129 days. But this 
difference in frost-free days does not hold for all stations. For 
example, Calmar has 109 days, yet in comparison with Wagner it is 
climatically different. Therefore, in conclusion, it is the inter- 
relationship among each of these 75 variables which accounts for the 
thirteen groupings of the 52 stations. For the purpose of detailed 
interpretation, Table 9.1 is able to supply the precise climatic 
descriptions of chet macroclimatological area. Table 9.1 represents 
normals per month for each of the respective input variables. The 
normals, based upon the period between May and September from 1954- 
1968 provide a climatological base for the forestry towers - not 
previously evatiehta, 

The selected "most important" seasonal variables per climatic 
group are shown in Table 9.2. Again, even with this reduced number 
of variables, difficulty arises in determining the dominant characteris- 
tics per region. Consequently, these seasonal ranges of the variables - 
and the previous detailed descriptions of each climatic zone provide 
the ne Te information to satisfy the objectives of this study , 


as outlined on page l. 
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Chapter 10 


Discussion of the Results 


The previous chapter both defines and describes the climatically 
similar regions. But what of the associated vegetational and soil 


characteristics? 


Associated Vegetation and Soil Types per Station per Group 


No attempt, with the exception of including evapotranspiration 
estimates, has been made within this thesis to correlate phytobiological- 
climatic variabilities. The complete understanding of vegetational 
and soil responses as a function of the climate is not in the author's 
background nor is it the intention of this study. However, listing of 
the stations with associated soils and vegetational types is presented 
in Table 10.1. From cata broad generalizations become apparent. For 
example, group 2 is characterized by two types of vegetation--AeS and 
LWe--with one type of soil--grey-Wooded. In most cases, the clustering 
of the groups as either A or L with predominant soil types as either 
dark-grey--dark-grey-wooded or grey-wooded typifies the climatic 
groupings. Generally speaking, the occurrence of one climatic type is 
associated with the predominance of either a vegetational and/or a soil 
type. Striking examples of this point are illustrated in the climatic 
grouping of Calmar and Thorsby with an associated unique vegetation 
A and soil--black. Only one other station--Fort Saskatchewan--has the 
same type of associated regimes. Yet the proximity of Fort Saskatchewan 
to the North Saskatchewan River could account for its grouping into an- 


other climate. Therefore, usually the anomalies with the generalized 
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Table 10.1 

VEGETATION SOLL* 

(After Atlas (After Atlas 
STATION of Alberta) of Alberta) 
Athabasca 2 A >50% 2 
Yellowhead LWE 3 
Goose AeS 3 
Whitecourt Lo. AeS 3 
Simonette LWE 3 
Rycroft Ap >50Z 5 
Round Hill Ap >504 7 
Conklin A 7 
Wabasca A 7 
Slave Lake Ap <50Z% 2 
Kinuso Ap <50% 2 
High Prairie Ap <50Z% 4 
Falher Ap >50Z 5 
Salt Prairie A a 
Wagner AeS 3 
Snuff Mtn. AeS 3 
Sweathouse A = 
Puskwaskau A 3 
Economy AeS . 
Bald Mtn. AeS 3 
Calmar A >502 1 
Thorsby A 7504 2 
Vermilion Ap 7502 ua 
Doucette A 7 
Grande Prairie Ap 750% S" 
Beaverlodge Ap <50Z te, 
Fairview Ap >50% 5 
Meanook A <502 2 
Iron River A <50% 3 
Lac La Biche A <502Z 3 
Cold Lake A <502Z 3 
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Table 10.1 continued 


GROUP NUMBER 


10 


a1 


12 


13 


*Soil Groups: 


ON DUS WN 
i 


STATION 


Swan Dive 
House 
Pimple 
Marten 
Pelican 


Heart Lake 


Kakwa 
Deer 


Newbrook 
Campsie 
Edson 
Hinton 
Entrance 


Whitecourt 


Athabasca 


Rochester 
Elk Point 


Ranfurly 


Vegreville 
Ft. Saskatchewan 


Sion 


- Black 
- Dark Grey and Dark Grey-Wooded 
- Grey-Wooded 
Black and Solonetzic 
- Dark Grey and Dark Grey-Wooded and Solonetzic 
- Grey-Wooded and Solonetzic 
- Grey-Wooded and Organic 

- Grey—Wooded and Solonetzic and Organic 


VEGETATION 
(After Atlas 
of Alberta) 


LW 

LW 

LW 

LS 

LS 

A 

LW 

LW 

A >50Z 
A >50Z% 
AeS <50% 
AeS 

AeS 

A 

A <50% 
A <50% 
A <50Z% 
Ap <50Z% 
Ap >50Z 


A <50Z 
Aes >502 


SOIL* 
(After Atlas 
of Alberta) 
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vegetational-soil-climatic types can be explained upon investigation 


of the physical setting of the observing sites, 


Evaluation of the Statistical Classification Technique 


As was previously stated, the results of the classifications 
by researchers such as Koeppen, Thornthwaite, Fairbairn and Holderidge 
failed to supply the amount of detail required to satisfy the objectives 
of this project. Bowser achieved the best definition of scale but 
lacked the associated climatic parameter descriptions. The technique, 
as outlined in this thesis, provides the needed climatic areas on a 
scale of use to management and research programs. 

Consequently, by comparing the statistical zones, derived in 
this study as outlined in Figure 9.2, with the Bowser results, as shown 
in Figure 2.5, general areas of similarity appear. Because of the 
difference in scale, the comparison of the author's results with those 
of Rheumer, Figure 2.2 and Longley, Figure 2.1, is not particularly 
rewarding. Bowser in 1967 classified areas such as the foothills, 

Swan Hills, Pelican Mountain and Conklin areas as 5H. -These combina- 
tions of letters denote the poorest capability for crop growth where 

the limiting factor is heat. However, the statistical classification 
differentiates between Conklin and the foothill regions but does group 
the Swan Hills and Pelican Mountains as one climatic type. Also, if 

the Bowser areas labelled 1 and 2H are combined, and the statistical 
areas 7, 6, 5, and 13 are combined, a general similarity in the climatic 
patterns results. Tikencee discrepancies between the remaining 

areas result. These differences are to be expected since the Bowser 


and statistical systems of classification utilize different input 
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station indices. However, the general correspondence of some areas 
provides an indicator of the validity of the statistical grouping 
procedure. 

Likewise, the climatic regions as postulated by Chapman and 
Brown, Figure 2.4, indicate a general agreement in the south-eastern 
portion of the map with the statistical climatic map. The area denoted 
by 6F agrees with the statistical region 6. Likewise, 66, 56, and 76 
each have somewhat similar boundaries as the climatic regions 13, 5 
and 12 respectively. Disagreements in the Peace River Region, in the 
northwest of the study area, and in the forested areas of the province 
with the deavtsttdat climatic areas are noted. As mentioned previously, 
this is largely a result of the difference in input variables, years 
of data and classification techniques. But generally, agreement in 
certain areas of the above classifications with the statistical classi- 
fication procedure indicates to some degree the validity of the results. 

Consequently, the primary objective of this study has been 
satisfied--the delineation of homogeneous climatic areas within the 
study area in northern Alberta. The first secondary objective--to pro- 
vide a climatic base for the study area--has been outlined and de- 
scribed in eration 5 The other secondary objective--evaluation of mo- 
bile thermo dew-point recording--has also been described previously in 
Chapter 7 with application of the technique to the macroclimatic zones 
being illustrated in Chapter 9. In conclusion, the primary and second- 


ary objectives have been fulfilled--but what of future recommendations? 


Recommendations for Further Research 


Since the technique has apparently provided the needed answers 
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within the study area, the one recommendation would involve applica- 
tion of this model to other areas of the province. Prediction equations 
generated by factor analysis do not require further total reclassifica- 
tion of the entire data base. Only the substitution into the formulae 
and the subsequent fitting of the station indices within the existing 
climatic types is necessary to enable further areas to be classified. 
This would be particularly useful in application to the stations within 
the study area which were not included in the analysis. The resulting 
increased density in the reporting network would therefore help 
considerably in the delineation and placing of the climatic boundaries. 

An additional aid to determining the location of the climatic 
limits is also found in the mobile thermo dew-point recorder. The 
results obtained have helped considerably both in evaluation of the 
site of the present observing stations and the variability in tempera- 
ture under various conditions. However, it would seem that the summer 
research of 1969 has only "scratched the surface" in the use of this 
technique. More detailed traverses under a variety of atmospheric 
conditions over preselected routes should be able to furnish predic- 
tion equations for both temperature and dew-point in places where no 
observing eon etal Application of this method of thermal 
detection would be extremely valuable in the mountainous areas of 
Alberta, where the eee stations tend to be rather unique in 
areal representativeness. 

One other area has possibilities for further research-~-poly- 
nomial regression estimation. Each of the estimated values within 
Gane is required to conform to a prescribed level of significance 


(99.9%) and yet better estimation could possibly be obtained through 
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the use of multi-polynomial regression equations. These equations are 
multi-polynomial in the sense that instead of simply the squaring 
of X or Y, the interaction between X and Y in the form XY is also 
given. Coupled with this is the incorporation of two independent 
variable stations to be used in order to predict for the third. 
Consequently, instead of the primary reliance for prediction on one 
station as a function of another station, the irregularities or an- 
omalies per day could be better smoothed if the one station is a 
function of two other stations. Familiarity with this type of statis- 
tical prediction was not known at the time of analyzing the data for 
this thesis, but from all appearances, it would seem to provide a 
better estimating technique. 

In conclusion, these are the areas where further research 
within the classification model might be profitable. None are of 
an imperative or critical nature such as to affect the present results, 
yet it is felt that with their application improvement or refinement 
of the classification could be attained. For the purposes of com- 
pleting the objectives of this study however, the present classification 


model has functioned quite satisfactorily. 
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Appendix A 


The following is a simple example of the general method of factor 
analysis as outlined by Dr. K. D. Hage. General agreement of this ex- 
ample and the computer program within the thesis is found. Only in the 
calculation of the final factor scores from the eigenvectors is there 
any real discrepancy. Instead of direct principal factor calculation 
from the eigenvectors, the computer program calculates the factor 
matrix which is then employed as input for the factor scores. 

Given two variables, X] and x9 and standard deviations a, = 2.9 


and oP) = 1.0, the correlation between xy and Xo a5 ay a | 


12 
Assumed are real roots such that the value rj9 equals r9}. Therefore 
substitution into the matrix: 
Som r 
on A 129192 


= 0 (1) 
6120102 G22 aan 


yields two characteristic roots A, and Ay 


Ay = 4.3 hn = OcT 
Substituting the value of Ay for A in equation (1) multiplied by the 


column vector a}; and applying the criteria of maximizing the variance 
a 
12 


by setting the two matrices = 0 yields two equations: 
> a) 44 Pr y20105%2. = 0 


¥1291024, + G2? - Ay) arp = 
Using only the first equation and imposing the criterion that the sum 
of squares = l (a41° + ay? = 1) the resulting of the simultaneous 


equation for 41= 4.3 is: 
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| 
I+ 


a42 ee 4. 
If ay, > 0 then so also must aj9 ? 0 such that the principal factor 1 
is 
Ey = -96x, + .29x9 
If A=0.7= Ay 
the second principal factor is 


It is the plotting of these factors which discriminates between 


Stations, providing a method of statistical grouping. 
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Varied species 


Sphagnum moss - Black Spruce, 
treed muskeg 


Jackpine - White Spruce 


Lodgepole Pine - White Spruce - 
Engelmann Spruce, altitudinally 


zoned 

Lodgepole Pine - White Spruce 
Lodgepole Pine - Aspen Poplar 
Lodgepole Pine - Spruce 
Aspen ecotone to Spruce 
Aspen Poplar 


Aspen Poplar with grass less 
than 50% cultivated 


Aspen Poplar with grass more 
than 50% cultivated 


Aspen Poplar more than 50% 
cultivated 


Aspen Poplar less than 50% 
cultivated 


Aspen ecotone to Spruce 
less than 50% cultivated 
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